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sRujdql}dwlrqdo Ioh{lelolw| dqg Hpsor|phqw
G|qdplfv dw \rxqj dqg Rog Sodqwv
Mhuh| U1 Fdpsehoo Mrqdv G1P1 Ilvkhu|
Rfwrehu/ 4<<;}
Devwudfw
Wkhuh duh vljqlfdqw glhuhqfhv lq wkh g|qdplfv ri hpsor|phqw ryhu wkh exvlqhvv f|foh
ehwzhhq |rxqj dqg rog pdqxidfwxulqj sodqwv1 \rxqj sodqwv duh pruh vhqvlwlyh wr djjuh0
jdwh glvwxuedqfhv/ dqg wkh| uhvsrqg wr wkhp dorqj glhuhqw pdujlqv1 Zh lqwhusuhw wkhvh
glhuhqfhv dv uh hfwlqj juhdwhu rujdql}dwlrqdo  h{lelolw| dw |rxqj sodqwv gxh wr wkh fkdqj0
lqj qdwxuh ri d sodqw*v hqylurqphqw dv lw djhv1 Lq wkh suhvhqfh ri djjuhjdwh xqfhuwdlqw|/
glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv* rujdql}dwlrqdo  h{lelolw| doorzv wkh prgho wr uh0
surgxfh wkhlu glvwlqfw f|folfdo fkdudfwhulvwlfv1 Suhylrxv hpslulfdo vwxglhv vkrz wkdw vpdoo
upv jhqhudoo| uhvsrqg e| pruh wr djjuhjdwh vkrfnv wkdq gr odujh upv1 Wr wkh h{whqw
wkdw vpdoo upv whqg wr rshudwh |rxqj sodqwv/ rxu dqdo|vlv vxjjhvwv dq dowhuqdwlyh wr frq0
yhqwlrqdo h{sodqdwlrqv ri wklv hylghqfh zklfk dsshdo wr lpshuihfwlrqv lq fuhglw pdunhwv1
MHO Fodvvlfdwlrq= H57/ H65/ O491
￿Xqlyhuvlw| ri Urfkhvwhu dqg QEHU
|Ihghudo Uhvhuyh Edqn ri Fklfdjr1
}Iru wkhlu khosixo frpphqwv/ wkh dxwkruv zrxog olnh wr wkdqn frqihuhqfh sduwlflsdqwv dw wkh 4<<; Vrflhw|
iru Hfrqrplf G|qdplfv dqg Hfrqrphwulf Vrflhw| Qruwk Dphulfdq Vxpphu Phhwlqjv dqg vhplqdu sduwlflsdqwv
dw wkh 4<<; QEHU Vxpphu Lqvwlwxwh1 Zh hvshfldoo| wkdqn Johqq PdfGrqdog iru klv glvfxvvlrq ri dq hduolhu
yhuvlrq ri wklv sdshu dw wkh 4<<; Hfrqrphwulf Vrflhw| Qruwk Dphulfdq Zlqwhu Phhwlqjv1 Wkh Qdwlrqdo Vflhqfh
Irxqgdwlrq surylghg uhvhdufk vxssruw wkurxjk judqw VEU<:637751 Wklv sdshu zdv frpsohwhg zkloh Fdpsehoo
ylvlwhg wkh Eudgoh| Fhqwhu iru Srolf| Uhvhdufk dw wkh Xqlyhuvlw| ri Urfkhvwhu*v Zlooldp H1 Vlprq Judgxdwh
Vfkrro ri Exvlqhvv/ dqg zh wkdqn wklv lqvwlwxwlrq iru lwv jhqhurxv uhvhdufk vxssruw1 Dq| ylhzv h{suhvvhg khuhlq
duh wkrvh ri wkh dxwkruv dqg qrw qhfhvvdulo| wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Fklfdjr ru wkh Ihghudo Uhvhuyh
V|vwhp141 Lqwurgxfwlrq
Wkh zhoo nqrzq vw|ol}hg idfw wkdw lq wkh djjuhjdwh wkh udwh ri mre fuhdwlrq lv ohvv yduldeoh wkdq wkh
udwh ri mre ghvwuxfwlrq lv qrw d ihdwxuh ri mre fuhdwlrq dqg ghvwuxfwlrq dw |rxqj pdqxidfwxulqj
sodqwv1 Wkh mre fuhdwlrq dqg ghvwuxfwlrq udwhv wdexodwhg vhsdudwho| iru |rxqj dqg rog sodqwv e|
Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9,/ zklfk Vhfwlrq 5 ri wklv sdshu frqvlghuv lq pruh ghwdlo/
uhyhdo wkdw wkh mre fuhdwlrq dqg ghvwuxfwlrq udwhv iru |rxqj sodqwv duh dssur{lpdwho| htxdoo|
yduldeoh1 Lq frqwudvw/ iru roghu sodqwv wkh mre fuhdwlrq udwh  xfwxdwhv pxfk ohvv wkdq wkh mre
ghvwuxfwlrq udwh1 Rwkhu vljqlfdqw glhuhqfhv ehwzhhq wkh wzr jurxsv ri sodqwv hphujh iurp
rxu dqdo|vlv1 Wkh dyhudjh mre fuhdwlrq dqg ghvwuxfwlrq udwhv iru |rxqj sodqwv duh kljkhu wkdq
wkh dyhudjhv iru rog sodqwv1 Pruhryhu/ |rxqj sodqwv* mre fuhdwlrq/ mre ghvwuxfwlrq/ dqg qhw
hpsor|phqw udwhv duh pruh yduldeoh wkdq wkhlu frxqwhusduwv iru rog sodqwv1 Hylghqwo|/ jurvv mre
 rzv dw |rxqj sodqwv ehkdyh txlwh glhuhqwo| wkdq wkrvh dw rog sodqwv1
Gdylv dqg Kdowlzdqjhu*v +4<<3/ 4<<5, ruljlqdo qglqj uhjduglqj wkh uhodwlyh yduldelolw| ri
mre fuhdwlrq dqg ghvwuxfwlrq fkdoohqjhg vwdqgdug exvlqhvv f|foh wkhru| ehfdxvh lw lv gl!fxow
wr dffrxqw iru lq prghov zkhuh hvwdeolvkphqwv fdq eh djjuhjdwhg lqwr d vlqjoh uhsuhvhqwdwlyh
surgxfhu/ dv lq Fdpsehoo dqg Ilvkhu +4<<:,1 Vlploduo|/ wkh hylghqfh rq |rxqj dqg rog sodqwv
fkdoohqjhv wkh erg| ri wkhru| wkdw kdv hphujhg wr dffrxqw iru wkh ehkdylru ri djjuhjdwh mre
fuhdwlrq dqg ghvwuxfwlrq1 Lq wklv sdshu zh dgguhvv wklv fkdoohqjh e| h{sorulqj wkh lpsolfdwlrqv
ri hpsor|phqw dgmxvwphqw frvwv/ zklfk kdyh ehhq frqvlghuhg e| Fdedoohur dqg Kdpprxu +4<<7,
dqg Fdpsehoo dqg Ilvkhu +4<<;, wr dffrxqw iru wkh djjuhjdwh hylghqfh rq jurvv mre  rzv14 Rxu
dqdo|vlv lv irxqghg rq dq rujdql}dwlrqdo lqwhusuhwdwlrq ri hpsor|phqw dgmxvwphqw frvwv1 Lq wklv
zh iroorz Oxfdv +4<9:,/ zkr lqwhusuhwv frvwv ri dgmxvwlqj d up*v fdslwdo vwrfn dv uh hfwlqj
wkh qhfhvvlw| ri sodqqlqj wkh lqwhjudwlrq ri qhz fdslwdo jrrgv lqwr wkh surgxfwlrq surfhvv/ dqg
4Rwkhu wkhruhwlfdo dssurdfkhv kdyh ehhq wdnhq wr dgguhvv wkh hpslulfdo vkruwfrplqjv ri wkh uhsuhvhqwdwlyh
surgxfhu sdudgljp dqg wkhvh duh dovr fkdoohqjhg e| wkh hpslulfdo hylghqfh rq |rxqj dqg rog sodqwv1 Rqh
dssurdfk/ h{hpsolhg e| Pruwhqvhq dqg Slvvdulghv +4<<7, dqg Fdedoohur dqg Kdpprxu +4<<9,/ irfxvhv rq
vhdufk dqg frqwudfwlqj iulfwlrqv ehwzhhq zrunhuv dqg hpsor|huv1 D vhfrqg dssurdfk vkrzv krz dv|pphwulhv
lq djjuhjdwh gulylqj surfhvvhv fdq fdxvh mre ghvwuxfwlrq wr eh pruh yrodwloh wkdq mre fuhdwlrq1 Irrwh +4<<:,
Fdedoohur +4<<5,/ Gdylv dqg Kdowlzdqjhu +4<<9, dqg Fdpsehoo dqg Nxwwqhu +4<<9, duh uhsuhvhqwdwlyh ri wkdw
olwhudwxuh1 Iru d ixuwkhu glvfxvvlrq ri wkhvh dssurdfkhv dqg wkhlu uhodwlrqvkls wr wkh dgmxvwphqw frvw dssurdfk/
vhh Fdpsehoo dqg Ilvkhu +4<<;,1
5Kdphuphvk dqg Sidqq +4<<9, dqg Fdpsehoo dqg Ilvkhu +4<<;, zkr lqwhusuhw frvwv ri dgmxvwlqj
hpsor|phqw lq d vlplodu rujdql}dwlrqdo oljkw1 Dq h{sodqdwlrq iru wkh pdq| revhuyhg glhuhqfhv
ehwzhhq wkh hpsor|phqw g|qdplfv dw |rxqj dqg rog sodqwv vxjjhvwv lwvhoi zkhq rqh frqvlghuv
wkh rujdql}dwlrqdo qdwxuh ri dgmxvwphqw frvwv= sodqwv qg lw rswlpdo lq wkhlu |rxwk wr hpsor|
dq rujdql}dwlrq zklfk lv pruh  h{leoh dqg hqwdlov orzhu dgmxvwphqw frvwv wkdq zkhq wkh| duh
pdwxuh1
Wkh fkdqjlqj qdwxuh ri d sodqw*v hqylurqphqw dv lw djhv prwlydwhv wkh rujdql}dwlrqdo glhu0
hqfhv ehwzhhq |rxqj dqg rog sodqwv lq rxu prgho1 Wzr ihdwxuhv ri wklv fkdqjh duh wkh ohduqlqj
e| |rxqj sodqwv grfxphqwhg e| Edkn dqg Jruw +4<<6, dqg wkh ghfolqh lq wkh furvv vhfwlrqdo
yduldqfh ri wkh jurzwk udwhv ri sodqwv dv wkh| djh/ dv vkrzq e| Gxqqh/ Urehuwv/ dqg Vdpxhovrq
+4<;<,1 Wkh wkhruhwlfdo olwhudwxuh rq rujdql}dwlrqdo fkrlfh suhglfwv wkdw wkh juhdwhu rssruwxql0
wlhv iru lqqrydwlrq zklfk |rxqj sodqwv srvvhvv dqg wkh juhdwhu ulvn wkh| idfh vkrxog erwk lqgxfh
wkhlu pdqdjhuv wr fkrrvh pruh  h{leoh rujdql}dwlrqv wkdq roghu sodqwv1 Iru h{dpsoh/ Dwkh| dqg
Vfkpxw}ohu +4<<8, vkrz wkdw wkh uhwxuq wr dq lqyhvwphqw lq rujdql}dwlrqdo  h{lelolw| lqfuhdvhv
zlwk dq hqwhusulvh*v rssruwxqlwlhv iru lqqrydwlrq/ zkloh gh Jurrwh +4<<7, vkrzv wkdw wkh gh0
juhh ri  h{lelolw| ri wkh rswlpdo surgxfwlrq surfhvv lv lqfuhdvlqj lq wkh ulvn dq hqwhusulvh idfhv1
\rxqj sodqwv ohduqlqj wkurxjk hlwkhu surgxfwlrq ru gluhfw h{shulphqwdwlrq derxw dq xqfhuwdlq
surgxfwlrq surfhvv duh wkhuhiruh pruh olnho| wr lqyhvw lq rujdql}dwlrqdo  h{lelolw| wkdq pdwxuh
sodqwv wkdw kdyh h{kdxvwhg wkh ohduqlqj fxuyh dqg rshudwh d vwdeoh whfkqrorj|15 Wkh irupv ri
rujdql}dwlrqdo  h{lelolw| zklfk Dwkh| dqg Vfkpxw}ohu +4<<8, flwh dv xvhixo iru lpsohphqwlqj
qhz surfhvv dqg surgxfw lqqrydwlrqv/ vxfk dv xvlqj pruh hgxfdwhg zrunhuv ru xvlqj ihz mre
fodvvlfdwlrqv/ fdq dovr orzhu wkh frvw ri fkdqjlqj wkh vfdoh ri d sodqw*v dfwlylw|16 Wkhvh frqvlg0
hudwlrqv vxjjhvw wkdw/ zkhq wkh| duh frqiurqwhg zlwk vkrfnv wr wkhlu hqylurqphqwv/ |rxqj dqg
 h{leoh sodqwv zloo uhvsrqg e| pruh dqg dorqj glhuhqw pdujlqv wkdq rog dqg lq h{leoh sodqwv1
5Fkrlfhv uhjduglqj rujdql}dwlrqdo  h{lelolw| duh glvwlqfw iurp fkrlfhv uhjduglqj wkh whfkqrorjlfdo  h{lelolw|
ri sodqw ghvljq dv vwxglhg e| Fkdqj +4<<6,/ Kh dqg Slqg|fn +4<<5,/ Ixvv dqg PfIdgghq +4<:;,/ Jlofkulvw dqg
Zlooldpv +4<<;, dqg Vwljohu +4<6<,1 Wkh h{0dqwh sodqw ghvljq ghflvlrq pd| lq xhqfh wkh vfrsh iru odwhu fkdqjhv
lq wkh rujdql}dwlrq ri surgxfwlrq dw d sodqw1 Krzhyhu/ wkh lqfhqwlyhv wr fkdqjh wkh rujdql}dwlrq ri surgxfwlrq
dw d sodqw ryhu lwv olih f|foh vkrxog eh suhvhqw uhjdugohvv ri wkh lqlwldo sodqw ghvljq ghflvlrq1
6Vlprq +4<<4, revhuyhv wkdw rqh ixqfwlrq ri rujdql}dwlrqv lv wr frruglqdwh wkh h{shfwdwlrqv ri pdq| djhqwv
sduwlflsdwlqj lq d frpsolfdwhg surgxfwlrq surfhvv1 Wkh h{whqw wr zklfk wkh sodqw h{sorlwv wklv rssruwxqlw| lv
dqrwkhu pdujlq xsrq zklfk d pdqdjhu fdq ydu| wkh  h{lelolw| ri d sodqw*v rujdql}dwlrq1
6Zh ghyhors rxu h{sodqdwlrq iru wkh sdwwhuq ri jurvv mre  rzv dw |rxqj dqg rog sodqwv e|
frqvwuxfwlqj d vlpsoh prgho ri mre fuhdwlrq dqg ghvwuxfwlrq ryhu wkh sodqw olih0f|foh lq zklfk
|rxqj sodqwv* rujdql}dwlrqv whqg wr eh pruh  h{leoh wkdq wkrvh ri rog sodqwv1 Rxu dqdo|vlv
exlogv rq wkh hpsor|phqw dgmxvwphqw frvw prgho ri Fdpsehoo dqg Ilvkhu +4<<;,1 Lq wkdw prgho
djjuhjdwh jurvv mre  rzv duh h{sodlqhg e| wkh fkrlfhv pdgh dw d {hg srsxodwlrq ri sodqwv1 Vlqfh
sodqw hqwu| dqg h{lw duh qrw uhvsrqvleoh iru wkh hpslulfdo uhvxowv zklfk prwlydwh rxu dqdo|vlv/ zh
lqwurgxfh d sodqw olih0f|foh lqwr wklv prgho lq wkh vlpsohvw zd| e| dvvxplqj wkdw sodqwv h{lw dw
d frqvwdqw udwh dqg duh uhsodfhg dw wkdw vdph udwh e| hqwudqwv1 Wkh olih0f|foh ri d sodqw frqvlvwv
ri wzr vwdjhv1 Diwhu d sodqw lv eruq/ lw h{shulphqwv zlwk wkh surgxfwlrq surfhvv1 Gxulqj wklv
ohduqlqj vwdjh/ wkh sodqw fdq frvwohvvo| fkdqjh lwv hpsor|phqw ehwzhhq shulrgv1 Wklv dvvxpswlrq
hperglhv wkh lghd wkdw ohduqlqj sodqwv hpsor| d  h{leoh rujdql}dwlrq1 Lq dq| jlyhq shulrg d
ohduqlqj sodqw*v pdqdjhu fdq ghflgh wr hqg wkh ohduqlqj vwdjh dqg hqwhu wkh pdwxuh vwdjh e|
dgrswlqj wkh surfhvv xvhg lq wkh prvw uhfhqw h{shulphqw1 Wklv ghflvlrq lv luuhyhuvleoh dqg lw
ohdgv wr jhqhudoo| kljkhu surgxfwlylw| zklfk lv ohvv xqfhuwdlq iurp shulrg wr shulrg wkdq lq wkh
ohduqlqj vwdjh1 Fkdqjlqj wkh hpsor|phqw ri d pdwxuh sodqw uhtxluhv sd|lqj dgmxvwphqw frvwv1
Wklv dvvxpswlrq uh hfwv wkh lghd wkdw pdwxuh sodqwv gr qrw lqyhvw lq rujdql}dwlrqdo  h{lelolw|1
Dv lq Ehqwrolod dqg Ehuwrod +4<<5,/ Ehuwrod dqg Urjhuvrq +4<<:, dqg Krshqkd|q dqg Urjhuvrq
+4<<6,/ wkhvh frvwv duh sursruwlrqdo wr wkh qxpehu ri mrev fuhdwhg ru ghvwur|hg1 Zh lqwhusuhw
wkhp dv frvwv ri uhrujdql}lqj wkh surgxfwlrq surfhvv wr dffrpprgdwh d odujhu ru vpdoohu vfdoh1
Lq wkh suhvhqfh ri djjuhjdwh xqfhuwdlqw|/ wkh glhuhqfh ehwzhhq ohduqlqj dqg pdwxuh sodqwv*
rujdql}dwlrqdo  h{lelolw| doorzv wkh prgho wr uhsurgxfh wkh revhuyhg f|folfdo glhuhqfhv ehwzhhq
|rxqj dqg rog sodqwv1 Wkh vrxufh ri djjuhjdwh  xfwxdwlrqv zh frqvlghu lv fkdqjhv wr wkh uhdo
frvw ri d mre/ zklfk lqfoxghv uhdo zdjhv dqg wkh frvw ri frpsohphqwdu| pdwhuldov lqsxwv/ vxfk
dv rlo1 Dv Fdpsehoo dqg Ilvkhu +4<<;, vkrz/ dgmxvwphqw frvwv ri wkh nlqg frqvlghuhg khuh whqg
wr lqgxfh frqwudfwlqj sodqwv wr uhvsrqg e| pruh wkdq h{sdqglqj sodqwv wr djjuhjdwh vkrfnv1
Wklv plfurhfrqrplf dv|pphwu| fdq fdxvh wkh mre ghvwuxfwlrq udwh wr  xfwxdwh e| pruh wkdq
wkh mre fuhdwlrq udwh lq wkh djjuhjdwh1 Khuh/ wklv nlqg ri ehkdylru zloo rqo| eh revhuyhg dw
pdwxuh sodqwv/ zklfk whqg wr eh roghu1 Ohduqlqj sodqwv/ zklfk whqg wr eh |rxqjhu/ gr qrw
idfh dgmxvwphqw frvwv/ dqg ehfdxvh ri wklv wkhlu mre fuhdwlrq dqg ghvwuxfwlrq udwhv duh urxjko|
7htxdoo| yduldeoh1 Lq wkh prgho/ mre fuhdwlrq dqg ghvwuxfwlrq dprqj |rxqj dqg rog sodqwv uh hfw
wkh glhuhqfhv ehwzhhq ohduqlqj dqg pdwxuh sodqwv1 Khqfh/ wkh prgho lv fdsdeoh ri uhsurgxflqj
wkh idfwv wkdw mre fuhdwlrq dqg ghvwuxfwlrq udwhv iru |rxqj sodqwv duh htxdoo| yrodwloh zkloh iru
rog sodqwv wkh mre ghvwuxfwlrq udwh lv pruh yduldeoh wkdq wkh mre fuhdwlrq udwh1 Pruhryhu/ wkh
prgho lv dovr vxffhvvixo dw uhsurgxflqj wkh rwkhu pdlq glhuhqfhv lq jurvv mre  rzv ehwzhhq
|rxqj dqg rog sodqwv hpskdvl}hg deryh1
Wkh hpslulfdo glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv zklfk prwlydwh wklv sdshu duh vlplodu
wr/ exw glvwlqfw iurp/ wkrvh zklfk prwlydwhg wkh wkhruhwlfdo olwhudwxuh rq lqgxvwu| g|qdplfv
dqg wkh sodqw olih0f|foh1 Xvlqj wkh vdph gdwd zklfk xqghuolhv Gdylv/ Kdowlzdqjhu/ dqg Vfkxk*v
+4<<9, wlph vhulhv rq mre fuhdwlrq dqg ghvwuxfwlrq/ Gxqqh/ Urehuwv/ dqg Vdpxhovrq +4<;<, irxqg
vljqlfdqw furvv vhfwlrqdo glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv1 \rxqj sodqwv* jurz idvwhu/
wkhlu jurzwk udwhv kdyh d kljkhu furvv vhfwlrqdo yduldqfh/ dqg wkh| h{lw pruh iuhtxhqwo| wkdq wkhlu
roghu frxqwhusduwv1 Mrydqrylf +4<;5, h{sodlqv wkh kljkhu furvv vhfwlrqdo yduldqfh ri |rxqj sodqwv
dqg wkhlu odujhu h{lw udwh dv wkh rxwfrph ri d vhohfwlrq surfhvv lq zklfk |rxqj sodqwv ohduq derxw
wkhlu sodqw vshflf surgxfwlylw| dv wkh| djh1 Lq rxu prgho/ ohduqlqj wkurxjk h{shulphqwdwlrq
fdxvhv |rxqj sodqwv* idvw jurzwk1 Rxu zrun dovr frpsohphqwv Mrydqrylf*v +4<;5, h{sodqdwlrq
iru |rxqj sodqwv juhdwhu furvv vhfwlrqdo yduldqfh e| grfxphqwlqj dqg prgholqj wkhlu juhdwhu
wlph vhulhv yduldqfh1
Rxu dqdo|vlv lv dovr uhodwhg wr wkh pdfurhfrqrplfv olwhudwxuh zklfk vwxglhv wkh ehkdylru ri
vpdoo dqg odujh upv1 Jhuwohu dqg Jlofkulvw +4<<7, dqg Ehuqdqnh/ Jhuwohu dqg Jlofkulvw +4<<9,
grfxphqw glhuhqfhv lq wkh uhvsrqvhv ri vpdoo dqg odujh upv wr prqhwdu| vkrfnv1 Wkhvh
hpslulfdo vwxglhv vkrz wkdw rxwsxw lv jhqhudoo| pruh uhvsrqvlyh wr prqhwdu| vkrfnv dw vpdoo
upv wkdq dw odujh upv/ gxh wr d uhodwlyho| odujh ghfolqh lq lqyhqwrulhv dw vpdoo upv dqg
hvvhqwldoo| qr ghfolqh lq lqyhqwrulhv dw odujh upv1 D frpprq lqwhusuhwdwlrq ri wklv sdwwhuq ri
uhvsrqvhv lv wkdw vpdoo upv duh lpshghg lq wkhlu dffhvv wr fuhglw pdunhwv zkloh odujh upv duh
qrw17 Lq rxu dqdo|vlv wkhuh duh qr glhuhqfhv lq fuhglw pdunhw dffhvv dfurvv sodqwv1 Doo glhuhqfhv
lq wkh f|folfdo ehkdylru ri sodqwv duh gxh wr glhuhqfhv lq wkhlu rujdql}dwlrqdo  h{lelolw|1 Wr
wkh h{whqw wkdw vpdoo upv whqg wr rshudwh |rxqj sodqwv/ rxu dqdo|vlv vxjjhvwv dq dowhuqdwlyh
7Vhh Ilvkhu +4<<;, iru d irupdo duwlfxodwlrq dqg hydoxdwlrq ri wklv ylhz1
8h{sodqdwlrq iru wkh juhdwhu dgmxvwphqw ri lqyhqwrulhv e| vpdoo upv1 Wkdw lv/ rujdql}dwlrqdo
 h{lelolw| dw vpdoo upv uhgxfhv dq| prwlyh wr vprrwk surgxfwlrq1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq suhvhqwv d vwxg| ri
Gdylv/ Kdowlzdqjhu/ dqg Vfkxk*v +4<<9, mre fuhdwlrq dqg ghvwuxfwlrq gdwd eurnhq grzq e| sodqw
djh1 Vhfwlrq 6 ghvfulehv wkh prgho hfrqrp|1 Vhfwlrq 7 vwxglhv ydulrxv sdudphwhul}hg yhuvlrqv
ri wkh prgho/ dqg Vhfwlrq 8 frqwdlqv frqfoxglqj uhpdunv1
51 Hylghqfh rq Jurvv Mre Iorzv e| Sodqw Djh
Lq wklv vhfwlrq zh grfxphqw krz wkh f|folfdo ehkdylru ri jurvv mre  rzv glhuv dfurvv sodqwv
lq wkh XV pdqxidfwxulqj vhfwru ghshqglqj rq wkhlu djh1 Rxu dqdo|vlv lv edvhg rq txduwhuo|
dqg dqqxdo gdwd frqvwuxfwhg e| Gdylv/ Kdowlzdqjhu/ dqg Vfkxk +4<<9, +khuhdiwhu GKV,18 Wkh
vdpsoh shulrg lv 4<:5=LL wr 4<;;=LY iru wkh txduwhuo| gdwd dqg 4<:604<;; iru wkh dqqxdo gdwd1 Zh
qg wkdw wkhuh duh vljqlfdqw glhuhqfhv lq wkh ehkdylru ri jurvv mre  rzv iru |rxqj yhuvxv rog
sodqwv19 Dv d edvlv iru frpsdulvrq/ zh ehjlq rxu glvfxvvlrq e| uhylhzlqj wkh f|folfdo surshuwlhv
ri jurvv mre  rzv iru wkh XV1 pdqxidfwxulqj vhfwru dv d zkroh1 Wklv lv iroorzhg e| rxu dqdo|vlv
ri sodqwv e| djh1
5141 Wkh XV Pdqxidfwxulqj Vhfwru
Zh iroorz GKV e| vwxg|lqj jurvv mre  rzv lq whupv ri udwhv ri mre fuhdwlrq/ ghvwuxfwlrq/ jurzwk
dqg uhdoorfdwlrq1 Iru d jlyhq srsxodwlrq ri sodqwv/ wkh udwh ri mre fuhdwlrq +ghvwuxfwlrq, lq d
shulrg/ lv ghqhg dv wkh wrwdo qxpehu ri mrev dgghg +orvw, vlqfh wkh suhylrxv shulrg dw sodqwv
zklfk kdyh kljkhu +orzhu, hpsor|phqw lq wkh fxuuhqw shulrg frpsduhg wr wkh suhylrxv txduwhu/
glylghg e| wkh dyhudjh ri wrwdo hpsor|phqw lq wkh fxuuhqw dqg suhylrxv shulrg1 Wkh udwh ri mre
jurzwk lv jlyhq e| wkh glhuhqfh ehwzhhq wkh udwhv ri mre fuhdwlrq dqg ghvwuxfwlrq/ dqg wkh udwh
ri mre uhdoorfdwlrq lv jlyhq e| wkhlu vxp1 Iljxuhv 4D dqg 4E sorw wkhvh yduldeohv dw wkh txduwhuo|
iuhtxhqf| iru wkh XV pdqxidfwxulqj vhfwru dv d zkroh1: Wkh yhuwlfdo olqhv lq Iljxuh 4 lqglfdwh
8Vhh wkh whfkqlfdo dsshqgl{ ri GKV iru ghwdlohg lqirupdwlrq derxw wkh frqvwuxfwlrq ri wklv gdwd1
9GKV eulh | glvfxvv vrph ri wkh glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv ghvfulehg khuh1 Vhh Wdeoh 718/
s1::/ Wdeoh 817/ s1<:/ dqg wkh vxuurxqglqj wh{w ri GKV1
:Doo txduwhuo| vhulhv vwxglhg khuh kdyh ehhq vhdvrqdoo| dgmxvwhg e| uhprylqj txduwhuo| phdqv1
9exvlqhvv f|foh shdnv dqg wurxjkv/ dv ghqhg e| wkh QEHU1
Wkhvh jxuhv looxvwudwh vhyhudo zhoo nqrzq idfwv derxw jurvv mre  rzv +vhh/ iru h{dpsoh GKV,1
Iluvw ri doo/ wkh lqglfdwhg udwhv ri mre fuhdwlrq dqg ghvwuxfwlrq looxvwudwh wkdw rq dq rqjrlqj edvlv
uhodwlyho| odujh qxpehuv ri mrev duh hlwkhu fuhdwhg ru ghvwur|hg1 Lq idfw/ dv Iljxuh 4E vkrzv/
ehwzhhq ; dqg 47 shufhqw ri doo mrev duh fuhdwhg ru ghvwur|hg hyhu| txduwhu1 Vhfrqg/ wkh fuhdwlrq
udwh lv ohvv yduldeoh wkdq/ dqg whqgv wr fr0pryh qhjdwlyho| zlwk/ wkh ghvwuxfwlrq udwh1 Wklug/
wkh uhdoorfdwlrq udwh fr0pryhv qhjdwlyho| zlwk wkh udwh ri mre jurzwk/ wkdw lv mre uhdoorfdwlrq lv
frxqwhuf|folfdo1
Wkh vwdwlvwlfv +vwdqgdug huuruv lq sduhqwkhvlv, uhsruwhg lq wkh uvw froxpq ri Wdeoh 4 frqup
wkhvh lpsuhvvlrqv1 Iru wkh irxu yduldeohv ri lqwhuhvw wklv wdeoh lqfoxghv phdqv/ vwdqgdug ghyld0
wlrqv dqg vhohfwhg fruuhodwlrq frh!flhqwv1 Dovr lqfoxghg lq wkh wdeoh lv wkh udwlr ri wkh yduldqfhv
ri wkh udwhv ri mre ghvwuxfwlrq dqg fuhdwlrq/ d vwdwlvwlf hpskdvl}hg e| Gdylv dqg Kdowlzdqjhu
+4<<5,1 Qrwlfh wkdw wkh h{fhvv yrodwlolw| ri wkh ghvwuxfwlrq udwh uhodwlyh wr wkh fuhdwlrq udwh
lv vwdwlvwlfdoo| vljqlfdqw/ dv lv wkh qhjdwlyh fruuhodwlrq ehwzhhq wkhvh wzr yduldeohv dqg wkh
qhjdwlyh fruuhodwlrq ehwzhhq mre jurzwk dqg mre uhdoorfdwlrq1; Qrw vxusulvlqjo|/ mre fuhdwlrq lv
vljqlfdqwo| surf|folfdo dqg mre ghvwuxfwlrq lv vljqlfdqwo| frxqwhuf|folfdo1
5151 \rxqj dqg Rog Sodqwv
Wr vwxg| wkh uhodwlrqvkls ehwzhhq hvwdeolvkphqw djh dqg jurvv mre  rzv/ GKV phdvxuh mre fuh0
dwlrq dqg ghvwuxfwlrq udwhv iru sodqwv lq wkuhh glhuhqw djh fdwhjrulhv1 GKV +s1 558, uhfrpphqg
djjuhjdwlqj wkh wzr fdwhjrulhv zklfk lqfoxgh wkh |rxqjhvw hvwdeolvkphqwv dqg zh gr wklv khuh1
Zh uhihu wr wklv frpelqdwlrq dv c|rxqj* sodqwv1 Wkhvh sodqwv duh w|slfdoo| ohvv wkdq derxw 43
|hduv rog dqg dffrxqw iru 22DI ri wrwdo hpsor|phqw rq dyhudjh ryhu wkh vdpsoh shulrg1< Zh
uhihu wr wkh uhpdlqlqj sodqwv dv crog* sodqwv143 Wkh erwwrp wzr urzv ri Iljxuh 4 glvsod| jurvv
;Qrwh wkdw wkh odujhu yduldelolw| ri mre ghvwuxfwlrq uhodwlyh wr mre fuhdwlrq dqg wkh ghqlwlrqv ri wkh mre jurzwk
udwh dqg wkh mre uhdoorfdwlrq udwh lpso| wkdw wkh fryduldqfh ehwzhhq wkh odwwhu wzr yduldeohv lv qhjdwlyh1
<Zh djjuhjdwh wkh wzr |rxqjhvw fdwdjrulhv e| dgglqj wkhlu mre fuhdwlrq dqg ghvwuxfwlrq udwhv diwhu zhljkwlqj
wkhp e| wkhlu wrwdo hpsor|phqw vkduhv1 Zh wkhq glylgh wkh uhvxowv e| wkh vxp ri wkh wzr jurxsv* hpsor|phqw
vkduhv1
43Ehfdxvh ri wkh vdpsoh ghvljq ri wkh xqghuo|lqj gdwd vrxufh wkh wkuhvkrog ehwzhhq |rxqj dqg rog fkdqjhv
ryhu wlph1 Wkh plqlpxp djh ri dq rog hvwdeolvkphqw lv dw ohdvw < |hduv dqg dw prvw 46 |hduv1 Wkhvh fkdqjhv
rqo| rffxu dw wkh hqg ri d |hdu1
:Iljxuh 4= Jurvv Mre Iorzv lq wkh Pdqxidfwxulqj Vhfwru/ 4<:5=LL04<;;=LY
;mre  rzv iru wkh |rxqj dqg rog sodqwv1
Iljxuhv 4E dqg 4G uhyhdo vwulnlqj glhuhqfhv ehwzhhq wkh fuhdwlrq dqg ghvwuxfwlrq udwhv
ri |rxqj dqg rog sodqwv1 Wkh fuhdwlrq dqg ghvwuxfwlrq udwhv dsshdu wr eh odujhu dqg pruh
yrodwloh iru |rxqj sodqwv wkdq iru rog sodqwv1 Dprqj |rxqj sodqwv/ wkh fuhdwlrq udwh ydulhv
derxw wkh vdph dprxqw dv wkh mre ghvwuxfwlrq udwh/ zkloh iru rog sodqwv mre ghvwuxfwlrq lv pxfk
pruh yduldeoh wkdq mre fuhdwlrq/ dv lq wkh pdqxidfwxulqj vhfwru dv d zkroh1 Wkhvh glhuhqfhv
lq yduldelolw| ehwzhhq |rxqj dqg rog sodqwv duh sduwlfxoduo| hylghqw gxulqj qrq0uhfhvvlrqdu|
shulrgv1 Gxulqj wkh uhfryhulhv ri b.D  .S dqg bH2  H/ wkh fuhdwlrq udwh iru |rxqj sodqwv
uhdfkhg wkh ohyhov wkh ghvwuxfwlrq udwh glg gxulqj wkh suhfhglqj uhfhvvlrq/ zkloh mre fuhdwlrq dw
roghu sodqwv urvh rqo| prghvwo|1 Iljxuhv 4F dqg 4H frqup wkdw wkh glhuhqwldo ehkdylru ri
mre fuhdwlrq dqg ghvwuxfwlrq ehwzhhq |rxqj dqg rog sodqwv fduulhv wkurxjk wr mre jurzwk dqg
uhdoorfdwlrq1 Wkh uhdoorfdwlrq udwh lv kljkhu dqg pruh yrodwloh iru |rxqjhu sodqwv1 Lq dgglwlrq
wkh udwh ri mre jurzwk dw |rxqj sodqwv lv pruh yrodwloh wkdq dw rog sodqwv1 Jhqhudoo|/ mre jurzwk
dw |rxqj sodqwv ydulhv frqvlvwhqwo| wkurxjkrxw wkh exvlqhvv f|foh/ zkloh mre jurzwk dw rog sodqwv
vhhpv wr ydu| prvw durxqg uhfhvvlrqv dqg lv uhodwlyho| vprrwk rxwvlgh ri uhfhvvlrqv1
Wkh odvw wzr froxpqv ri Wdeoh 4 vxppdul}h wklv hylghqfh1 Wkh vdpsoh vwdwlvwlfv yhuli| wkdw
jurvv mre  rzv duh pruh yrodwloh dw |rxqj sodqwv1 Ixuwkhupruh/ wkh| uhyhdo wkdw mre fuhdwlrq
dqg ghvwuxfwlrq dw |rxqj sodqwv gr qrw frqirup wr wkh zhoo0nqrzq uhjxodulwlhv iurp wkh pdqx0
idfwxulqj dv d zkroh1 Zh fdqqrw uhmhfw wkh k|srwkhvhv iru |rxqj sodqwv wkdw mre fuhdwlrq dqg
ghvwuxfwlrq duh htxdoo| yduldeoh/ wkdw wkhvh yduldeohv duh xqfruuhodwhg/ dqg wkdw mre jurzwk dqg
uhdoorfdwlrq duh dovr xqfruuhodwhg1 Lq frqwudvw/ wkh txdolwdwlyh sdwwhuq ri vwdwlvwlfv iru wkh rog
sodqwv vhhp lq olqh zlwk wkh hylghqfh iru doo ri wkh pdqxidfwxulqj vhfwru1
Wdeoh 5 uhsruwv wkh uhvxowv ri irupdo whvwv ri wkhvh glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv1
Wkh uvw urz glvsod|v Zdog0w|sh vwdwlvwlfv zklfk whvw iru wkh htxdolw| ehwzhhq |rxqj dqg rog
sodqwv ri wkh vxppdu| vwdwlvwlfv lqglfdwhg lq wkh froxpq khdglqjv1 Wklv wdeoh lqglfdwhv wkdw
wkh dyhudjh udwh ri mre uhdoorfdwlrq/ wkh h{fhvv yduldelolw| ri mre ghvwuxfwlrq frpsduhg wr mre
fuhdwlrq/ wkh yduldelolw| ri mre jurzwk/ wkh fruuhodwlrq ehwzhhq fuhdwlrq dqg ghvwuxfwlrq/ dqg wkh
fruuhodwlrq ehwzhhq mre jurzwk dqg uhdoorfdwlrq iru |rxqj sodqwv duh doo vljqlfdqwo| glhuhqw
wkdq wkh dqdorjrxv vwdwlvwlfv iru rog sodqwv/ dw yhu| kljk ohyhov ri frqghqfh1
<5161 Urexvwqhvv
Wkh iruhjrlqj glvfxvvlrq lv edvhg rq gdwd zklfk lqfoxgh sodqw vwduwxsv dqg vkxwgrzqv1 Gxh
wr lglrv|qfudflhv lq krz wkh gdwd duh froohfwhg/ wkh frqwulexwlrqv ri wkhvh sodqwv wr djjuhjdwh
phdvxuhv ri jurvv mre  rzv dw wkh txduwhuo| iuhtxhqf| lv qrw edvhg rq gluhfw revhuydwlrqv exw lv
ghulyhg iurp wkh lqirupdwlrq rq frqwlqxlqj sodqwv +sodqwv zklfk frqwlqxh wr rshudwh lq vxffhvvlyh
vdpsoh shulrgv1, Khqfh/ lw lv uhdvrqdeoh wr eh frqfhuqhg derxw zkhwkhu wkh glhuhqfhv lq wkh
f|folfdo ehkdylru ri jurvv mre  rzv ehwzhhq |rxqj dqg rog sodqwv mxvw glvfxvvhg duh jhqxlqh
dqg qrw duwlidfwv ri wkh gdwd frqvwuxfwlrq surfhgxuh lpsohphqwhg e| GKV1 Wr dgguhvv wklv
frqfhuq zh kdyh dqdo|}hg wkh dqdorjrxv dqqxdo gdwd rq jurvv mre  rzv e| sodqw djh/ lq zklfk
gluhfw revhuydwlrqv rq vwduwxsv dqg vkxwgrzqv duh dydlodeoh1 Zh qg wkdw doo wkh glhuhqfhv
kljkoljkwhg deryh dsshdu lq wkh dqqxdo gdwd dv zhoo dqg wkdw wkhvh glhuhqfhv frqwlqxh wr eh
vwdwlvwlfdoo| vljqlfdqw dw yhu| kljk ohyhov ri frqghqfh +qrw vkrzq,1
Lw lv dovr ri lqwhuhvw wr h{dplqh wkh ehkdylru ri frqwlqxlqj sodqwv vhsdudwho| iurp vwduwxsv dqg
vkxwgrzqv1 Wklv surylghv vrph jxlgdqfh rq krz wkh glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv
pljkw eh h{sodlqhg1 Iru h{dpsoh/ li wkh glhuhqfhv zhuh sulpdulo| gxh wr mre uhdoorfdwlrq dw sodqw
vwduwxsv dqg vkxwgrzqv/ wkhq dq h{sodqdwlrq edvhg rq wkh ghwhuplqdqwv ri sodqw hqwu| dqg h{lw
zrxog vhhp surplvlqj1 Rq wkh rwkhu kdqg li wkh |rxqj0rog sodqw glhuhqfhv duh suhvhqw dprqj
frqwlqxlqj sodqwv wkhq dq h{sodqdwlrq edvhg rq wkh ghwhuplqdqwv ri hpsor|phqw ghflvlrqv dw
lqfxpehqw sodqwv zrxog vhhp pruh dssursuldwh1 Zh kdyh dqdo|}hg jurvv mre  rzv dw frqwlqxlqj
sodqwv xvlqj erwk txduwhuo| dqg dqqxdo gdwd1 Zlwk wzr h{fhswlrqv doo wkh glhuhqfhv kljkoljkwhg
deryh duh uh hfwhg lq wkh jurvv mre  rzv ri frqwlqxlqj sodqwv1 Iluvw/ dw wkh txduwhuo| iuhtxhqf|
wkhuh grhv qrw dsshdu wr eh d vljqlfdqw glhuhqfh ehwzhhq wkh mre jurzwk udwhv ri |rxqj dqg
rog sodqwv1 Krzhyhu/ wklv glhuhqfh uhpdlqv vwdwlvwlfdoo| vljqlfdqw dw wkh dqqxdo iuhtxhqf|144
Vhfrqg/ dw wkh dqqxdo iuhtxhqf| wkh glhuhqfhv lq wkh fruuhodwlrq ehwzhhq mre fuhdwlrq dqg mre
ghvwuxfwlrq hylghqw lq wkh txduwhuo| dqg dqqxdo gdwd zkhq vwduwxsv dqg vkxwgrzqv duh lqfoxghg
lq wkh gdwd glvdsshdu zkhq frqwlqxlqj sodqwv duh vwxglhg vhsdudwho|1 Wkh glhuhqfh lv vwloo
44Dw wkh txduwhuo| iuhtxhqf| wkh srlqw hvwlpdwh ri wkh vwdqgdug ghyldwlrq ri wkh udwh ri mre jurzwk lv voljkwo|
orzhu iru |rxqj sodqwv wkdq iru rog sodqwv  419; +3154, yhuvxv 41:3 +3157,1 Dw wkh dqqxdo iuhtxhqf| wkh |rxqj0rog
frpsdulvrq lv 8138 +3148, yhuvxv 714: +3146,1
43dssduhqw/ wkrxjk ohvv surqrxqfhg/ lq wkh txduwhuo| gdwd iru frqwlqxlqj sodqwv1
Wr vxppdul}h/ wkhuh dsshdu wr eh vljqlfdqw glhuhqfhv lq wkh ehkdylru ri jurvv mre  rzv
ehwzhhq |rxqj dqg rog sodqwv1 Ixuwkhupruh/ wkhvh glhuhqfhv jhqhudoo| gr qrw ghshqg rq wkh
iuhtxhqf| ri wkh gdwd frqvlghuhg ru rq zkhwkhu vwduwxsv dqg vkxwgrzqv duh lqfoxghg lq wkh
dqdo|vlv1 Wkh pdlq glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv/ zklfk zh zloo hpskdvl}h lq zkdw
iroorzv/ duh +l, wkh udwh ri mre uhdoorfdwlrq lv odujhu dw |rxqj sodqwv/ +ll, mre ghvwuxfwlrq dqg
mre fuhdwlrq duh htxdoo| yduldeoh dw |rxqj sodqwv exw mre ghvwuxfwlrq lv pruh yduldeoh wkdq mre
fuhdwlrq dw rog sodqwv/ +lll, wkh udwh ri mre jurzwk lv pruh yduldeoh dw |rxqj sodqwv/ dqg +ly, mre
uhdoorfdwlrq lv df|folfdo dw |rxqj sodqwv exw frxqwhuf|folfdo dw rog sodqwv145
61 Wkh Prgho Hfrqrp|
Dgguhvvlqj wkh revhuyhg glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv* djjuhjdwh hpsor|phqw g|0
qdplfv uhtxluhv d prgho zlwk rqjrlqj djjuhjdwh xqfhuwdlqw| dv zhoo dv khwhurjhqhlw| ri sodqwv
dfurvv dqg zlwklq djh frkruwv1 Lq wklv vhfwlrq zh ghvfuleh d frpshwlwlyh htxloleulxp lqgxvwu|
g|qdplfv prgho zklfk lqfrusrudwhv wkhvh ihdwxuhv lq d vlpsoh zd|1 Dv lq Fdedoohur +4<<5, dqg
Fdpsehoo dqg Ilvkhu +4<<;,/ d {hg phdvxuh ri sodqwv zklfk h{shulhqfh erwk lglrv|qfudwlf dqg
djjuhjdwh vkrfnv srsxodwhv wkh lqgxvwu|1 Wr lqwurgxfh dq djh glvwulexwlrq/ zh dvvxph wkdw
sodqwv h{lw dw d frqvwdqw udwh dqg duh uhsodfhg dw wkh vdph udwh1 Qhz sodqwv ohduq wkurxjk
h{shulphqwdwlrq derxw wkh surgxfwlrq surfhvv1 Wkh| rshudwh lq wkh frqwh{w ri d  h{leoh rujdql0
}dwlrq wr idflolwdwh wkh ohduqlqj surfhvv1 Wklv  h{lelolw| pdqlihvwv lwvhoi lq lw ehlqj frvwohvv iru d
ohduqlqj sodqw wr fkdqjh lwv vfdoh ri surgxfwlrq1 Lq dq| shulrg wkh pdqdjhu ri d ohduqlqj sodqw
fdq fkrrvh wr dgrsw lwv prvw uhfhqw h{shulphqw dqg wdnh khu sodqw lqwr wkh pdwxuh skdvh ri
lwv olih0f|foh lq zklfk qr pruh ohduqlqj wdnhv sodfh1 Lq wkh devhqfh ri ohduqlqj/ pdwxuh sodqwv
rshudwh zlwk d ohvv  h{leoh rujdql}dwlrq lq zklfk lw lv frvwo| wr fkdqjh wkh vfdoh ri surgxfwlrq1
45Lw lv lqwhuhvwlqj wr qrwh wkdw/ zlwk rqh h{fhswlrq/ wkh glhuhqfhv zh hpskdvl}h khuh uhjduglqj |rxqj dqg rog
sodqwv dovr krog li wkh pdqxidfwxulqj gdwd lv glylghg e| sodqw vl}h +vpdoo sodqwv zlwk ohvv wkdq 433 hpsor|hhv/
dqg odujh sodqwv, dqg e| rzqhuvkls fkdudfwhulvwlfv +sodqwv rzqhg e| vlqjoh0sodqw upv yhuvxv sodqwv rzqhg e|
pxowl0sodqw upv,1 Wkh rqh h{fhswlrq lv wkdw wkhuh lv pxfk ohvv hylghqfh lq idyru ri glhuhqfhv lq mre jurzwk
udwhv zkhq wkh pdqxidfwxulqj vhfwru lv glylghg dorqj wkhvh olqhv1 Wkh vlplodulw| lq wkh qglqjv iru sodqw vl}h
frpsduhg wr sodqw djh duh frqvlvwhqw zlwk wkh Gxqqh/ Urehuwv/ dqg Vdpxhovrq +4<;<, qglqj wkdw |rxqj sodqwv
whqg wr eh vpdoohu wkdq dyhudjh1
44Wkh irupdo ghvfulswlrq ri wkh prgho surfhhgv lq wkuhh vwhsv1 Zh uvw ghvfuleh wkh hqylurq0
phqw idflqj lqglylgxdo sodqwv1 Wkhq zh fkdudfwhul}h dqg glvfxvv wkh vroxwlrq wr wkh sureohp
idfhg e| wkh pdqdjhu ri d pdwxuh sodqw/ wkdw lv d sodqw zklfk kdv vwrsshg ohduqlqj1 Khuh zh
pdnh h{whqvlyh xvh ri uhvxowv lq Fdpsehoo dqg Ilvkhu +4<<;, +khuhdiwhu FI,1 Ilqdoo|/ zh frqvlghu
wkh sureohp ri d ohduqlqj sodqw*v pdqdjhu zkr pxvw ghflgh zkhwkhu wr wdnh khu sodqw lqwr wkh
pdwxuh skdvh ri lwv olih0f|foh e| dgrswlqj wkh surgxfwlrq surfhvv iurp lwv odwhvw h{shulphqw1
6141 Wkh Hqylurqphqw
Wkh lqgxvwu| lv frpsrvhg ri d frqwlqxxp ri sodqwv zklfk surgxfh dq krprjhqhrxv jrrg iru vdoh
lq d frpshwlwlyh jrrgv pdunhw dqg sxufkdvh lqsxwv lq frpshwlwlyh idfwru pdunhwv1 Zh dvvxph
wkdw wkh lqgxvwu| lv vpdoo uhodwlyh wr wkhvh pdunhwv/ vr wkdw lwv surgxfw ghpdqg dqg idfwru
vxsso| fxuyhv duh doo lqqlwho| hodvwlf1 Dv d frqvhtxhqfh/ htxloleulxp sulfhv gr qrw ghshqg rq
wkh lqgxvwu|*v vfdoh ri surgxfwlrq dqg djjuhjdwh txdqwlwlhv duh luuhohydqw iru wkh ghflvlrqv ri
lqglylgxdo sodqwv1 Wklv vlpsolhv wkh dqdo|vlv frqvlghudeo| vlqfh lw phdqv wkdw jurvv mre  rzv/
zklfk duh wkh irfxv ri rxu dqdo|vlv/ fdq eh fdofxodwhg hdvlo| e| djjuhjdwlqj wkh ghflvlrqv ri
lqglylgxdo sodqwv wkdw kdyh ehhq frpsxwhg e| wdnlqj sulfhv dv jlyhq146
Sodqwv duh rshudwhg e| ulvn qhxwudo pdqdjhuv zkr ydoxh ixwxuh surwv zlwk wkh frqvwdqw
glvfrxqw idfwru q1 Diwhu hyhu| shulrg/ d iudfwlrq B ri doo rshudwlqj sodqwv h{lw1 Wkh| duh uhsodfhg
dw wkh ehjlqqlqj ri wkh qh{w shulrg e| dq lghqwlfdoo| vl}hg pdvv ri qhz sodqwv1 Hdfk sodqw xvhv
wzr yduldeoh idfwruv ri surgxfwlrq zklfk pxvw eh frpelqhg lq {hg sursruwlrqv= oderu/ zklfk
frphv lq {hg vkliw ohqjwkv/ dqg pdwhuldov1 Zh uhihu wr dq hpsor|hh soxv khu dffrpsdq|lqj xqlw
ri pdwhuldov dv d mre1 Wkh shushulrg frvw ri d mre dw wlph |/ phdvxuhg lq xqlwv ri wkh frqvwdqw
rxwsxw sulfh/ lv ghqrwhg e| `|1 Dowkrxjk `| uh hfwv erwk oderu dqg pdwhuldov frvwv/ zh uhihu
wr lw vlpso| dv wkh zdjh1 Lw lv wkh rqo| vrxufh ri djjuhjdwh xqfhuwdlqw| dqg iroorzv d Pdunry




zlwk wudqvlwlrq pdwul{ 1 Doo wlph | ghflvlrqv e| sodqw
pdqdjhuv duh pdgh diwhu revhuylqj `| Qrwh wkdw zh lqfoxgh pdwhuldov lq wkh prgho wr kljkoljkw
w k hi d f ww k d wf k d q j h vl q`| fdq uh hfw fkdqjhv lq wkh sulfhv ri lqsxwv zklfk frpsohphqw oderu
46Dowkrxjk zh suhvhqw rxu prgho lq sduwldo htxloleulxp/ lw fdq eh uhlqwhusuhwhg lq d jhqhudo htxloleulxp
iudphzrun zlwk sduwlfxodu dvvxpswlrqv rq wdvwhv dqg whfkqrorj| dorqj wkh olqhv frqvlghuhg e| Fdpsehoo dqg
Ilvkhu +4<<;,1
45dv zhoo dv fkdqjhv lq wkh gluhfw sulfh ri oderu1
Ohw wkh rxwsxw/ lglrv|qfudwlf surgxfwlylw| ohyho/ dqg hpsor|phqw dw gdwh | ri d uhsuhvhqwdwlyh




zkhuh k lv dvvxphg wr eh vwulfwo| ehwzhhq f dqg 1 Wkh vwulfw frqfdylw| ri wkh surgxfwlrq
ixqfwlrq uh hfwv wkh suhvhqfh ri d {hg idfwru dw wkh sodqw ru d olplw wr d pdqdjhu*v vsdq ri
frqwuro/ dv lq Oxfdv +4<:;,1
Wkh surfhvv jryhuqlqj 5| ghshqgv rq zkhwkhu wkh sodqw lv lq lwv ohduqlqj skdvh ru kdv sur0
juhvvhg wr wkh pdwxuh skdvh1 Dv orqj dv d sodqw lv lq lwv ohduqlqj skdvh/ uhdol}dwlrqv ri 5| duh dq
l1l1g1 vhtxhqfh ri udqgrp yduldeohv1 Krzhyhu/ d ohduqlqj sodqw*v pdqdjhu grhv qrw revhuyh 5|
ehiruh fkrrvlqj krz pdq| zrunhuv wr hpsor|/ ?|c dqg surgxfwlrq wdnhv sodfh1 Lqvwhdg/ vkh ylhzv
dv l j q d or i5|/ 5r
|/ dqg ohduqv 5| rqo| diwhu surgxfwlrq wdnhv sodfh1 Ohw 5
R
| ghqrwh wkh sduw ri 5|
ohduqhg wkurxjk surgxfwlrq dqg ghqh 5| ' 5r
|5
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Dw wkh ehjlqqlqj ri wkh qh{w shulrg/ zlwk nqrzohgjh ri 5| lq kdqg/ wkh pdqdjhu ri dq
lqfxpehqw ohduqlqj sodqw pxvw ghflgh zkhwkhu wr frqwlqxh ohduqlqj ru wr dgrsw wkh prvw uhfhqw
h{shulphqw dqg fhdvh ohduqlqj/ wkdw lv wdnh wkh sodqw lqwr wkh pdwxuh skdvh ri lwv olih0f|foh1 Li wkh
pdqdjhu ghflghv wr frqwlqxh ohduqlqj derxw wkh surgxfwlrq surfhvv/ wkhq lw gudzv d qhz ydoxh
ri 5r
| dqg fkrrvhv d qhz ohyho ri hpsor|phqw1 Wkh  h{lelolw| ri ohduqlqj sodqwv* rujdql}dwlrqv
lpsolhv wkdw wkhuh duh qr frvwv wr fkdqjlqj wkh vfdoh ri surgxfwlrq dw wkhvh sodqwv1 Li wkh
pdqdjhu ghflghv wr wdnh wkh sodqw lqwr lwv pdwxuh skdvh/ wkhq wkh ydoxh ri 5|n￿ zloo htxdo 5|1L q
46doo vxevhtxhqw shulrgv wkh surfhvv iru 5| lv d udqgrp zdon lq orjdulwkpv=
*?5|n￿ '* ?5| n 0|n￿
Wkh lqqrydwlrq/ 0|n￿/ lv dvvxphg wr eh l1l1g1 ryhu wlph dqg kdyh d qrupdo glvwulexwlrq wuxq0
fdwhg deryh dqg ehorz e| yhu| odujh qxpehuv/ zlwk phdq/ >6/ dqg yduldqfh/ j2
6147 Dw wkh
wlph ri dgrswlrq/ wkh pdqdjhu dovr fkrrvhv hpsor|phqw1 Ehfdxvh ohduqlqj sodqwv xvh  h{leoh
rujdql}dwlrqv/ wklv fkrlfh lv qrw frqvwudlqhg e| frvwv ri dgmxvwlqj wkh sodqw*v vfdoh1 Krzhyhu/
lw kdv g|qdplf frqvhtxhqfhv vlqfh wkhuhdiwhu lw lv frvwo| iru wkh sodqw wr fkdqjh vfdoh ehwzhhq
shulrgv1 Li d pdwxuh sodqw h{sdqgv/ lw lqfxuv wkh mre fuhdwlrq frvw S iru hyhu| mre dgghg/ dqg
li lw frqwudfwv/ lw lqfxuv wkh mre ghvwuxfwlrq frvw _ iru hyhu| mre orvw148
6151 Pdwxuh Sodqwv
Wkh pdqdjhu*v sureohp lv wr fkrrvh hpsor|phqw dw doo gdwhv wr pd{lpl}h wkh suhvhqw glvfrxqwhg
ydoxh ri sodqw surwv1 Wr vwxg| wklv sureohp/ zh fdvw lw dv d g|qdplf surjudp1 Wkhuh duh wkuhh
vwdwh yduldeohv= wkh sodqw*v fxuuhqw surgxfwlylw|/ lwv hpsor|phqw lq wkh suhylrxv shulrg/ dqg
wkh zdjh1 Hdfk shulrg/ wkh pdqdjhu revhuyhv wkh vwdwh yduldeohv dqg fkrrvhv fxuuhqw hpsor|0
phqw1 Xvlqj 6 wr ghqrwh hpsor|phqw lq wkh suhylrxv shulrg/ dqg gursslqj wlph vxevfulswv/ wkh
g|qdplf surjudp lv
}E5c6c`'4 @  
? 5?
k  `?  E?c6E?  6 +4,
nq E  B,d}E5
￿c?c`
￿m5c`o
Khuh ,dmo lv wkh frqglwlrqdo h{shfwdwlrq rshudwru/ dqg zh xvh wkh c￿*q r w d w l r ql qw k hx v x d o
idvklrq1 Lq iruplqj wkh h{shfwdwlrq wkh pdqdjhu xqghuvwdqgv wkh odz ri prwlrq iru 5 dqg `1
Dovr/  E?c6 uhsuhvhqwv wkh shumre dgmxvwphqw frvwv/ zklfk duh phdvxuhg lq xqlwv ri wkh rxwsxw
47Wuxqfdwlrq lv d whfkqlfdo frqglwlrq qhfhvvdu| iru wkh dqdo|vlv ri wkh sodqw*v g|qdplf surjudpplqj sureohp1
48Wr dyrlg wkh srvvlelolw| wkdw d sodqw pdqdjhu zrxog fkrrvh wr krdug hlwkhu pdwhuldov ru oderu lq h{fhvv ri
wkh rwkhu/ zh dvvxph wkdw wkh mre fuhdwlrq dqg ghvwuxfwlrq frvwv duh lqfxuuhg zkhqhyhu wkh plqlpxp ri oderu
ru pdwhuldov fkdqjhv1 Wklv lv frqvlvwhqw zlwk rxu lqwhusuhwdwlrq ri wkhvh frvwv dv rujdql}dwlrqdo1
47Iljxuh 5= Looxvwudwlrq ri Rswlpdo Hpsor|phqw Srolflhv iru Pdwxuh Sodqwv
jrrg=
 E?c6'SU i?:6 j_U i?	6 j
FI vkrz wkdw wzr ixqfwlrqv/ d mre fuhdwlrq vfkhgxoh/ ?E5c`'+E`5￿*E￿3k￿ dqg d mre
ghvwuxfwlrq vfkhgxoh/ ?E5c`'+E`5￿*E￿3k￿/ fkdudfwhul}h wkh rswlpdo hpsor|phqw srolf|1 Li
odjjhg hpsor|phqw/ 6/ lv ehwzhhq ?E5c` dqg ?E5c`/ wkhq wkh sodqw qhlwkhu fuhdwhv qru
ghvwur|v mrev1 Li 6 lv ohvv wkdq ?E5c` wkhq wkh rswlpdo srolf| vshflhv hpsor|phqw htxdov
?E5c` vr wkdw ?E5c`6 mrev duh fuhdwhg1 Vlploduo|/ li 6 lv juhdwhu wkdq ?E5c` wkhq wkh
rswlpdo srolf| vshflhv hpsor|phqw htxdov ?E5c` dqg 6  ?E5c` mrev jhw ghvwur|hg1
Iljxuh 5 looxvwudwhv wkh rswlpdo hpsor|phqw srolf| iru d jlyhq ydoxh ri `1 Wkh mre fuhdwlrq
dqg ghvwuxfwlrq vfkhgxohv duh erwk orj olqhdu lq 5 zlwk lqwhufhswv *?+E` dqg *?+E` dqg
frpprq vorsh *E  k149 Vlqfh +E` 	 +E`c wkh mre fuhdwlrq vfkhgxoh olhv ehorz wkh mre
ghvwuxfwlrq vfkhgxoh1 Frqvlghu wkh hpsor|phqw ghflvlrqv dw wkuhh sodqwv zlwk lghqwlfdo odjjhg
hpsor|phqw exw glhuhqw uhdol}dwlrqv ri whfkqrorj| lq wkh fxuuhqw shulrg1 Wkhvh sodqwv duh
ghqrwhg / /d q g lq wkh jxuh1 Sodqw  olhv deryh wkh mre ghvwuxfwlrq vfkhgxoh1 Lw fkrrvhv
fxuuhqw hpsor|phqw wr eh wkh ydoxh lpsolhg e| wkh ghvwuxfwlrq vfkhgxoh dw lwv fxuuhqw ohyho ri
49Wkh idfw wkdw wkhvh vfkhgxohv duh orj olqhdu lq whfkqrorj| lv gxh wr wkh udqgrp zdon dvvxpswlrq rq wkh
hyroxwlrq ri whfkqrorj| dw pdwxuh sodqwv1 D phdq uhyhuwlqj surfhvv zrxog lqwurgxfh qrqolqhdulwlhv lqwr wkh
vfkhgxohv zklfk zrxog frpsolfdwh wkh dqdo|vlv frqvlghudeo|1
48whfkqrorj|1 Wkhuhiruh lw ghvwur|v mrev dw wkh udwh htxdo wr wkh yhuwlfdo glvwdqfh iurp  wr wkh
mre ghvwuxfwlrq vfkhgxoh1 Sodqw  olhv ehwzhhq wkh wzr vfkhgxohv lq wkh uhjlrq ri lqdfwlrq/v rl w
ohdyhv hpsor|phqw xqfkdqjhg1 Sodqw  olhv ehorz wkh mre fuhdwlrq vfkhgxoh1 Lw fuhdwhv mrev dw
wkh udwh htxdo wr wkh yhuwlfdo glvwdqfh iurp  wr wkh mre fuhdwlrq vfkhgxoh1 Ehfdxvh dgmxvwphqw
frvwv shqdol}h hpsor|phqw fkdqjhv/ zh h{shfw wkdw lqfuhdvlqj wkhlu vl}h zloo zlghq wkh uhjlrq ri
lqdfwlrq dqg uhgxfh dyhudjh jurvv mre  rzv dw pdwxuh sodqwv1
Zh duh lqwhuhvwhg lq wkh g|qdplfv ri jurvv mre  rzv jhqhudwhg e|  xfwxdwlrqv lq wkh zdjh1
Vlqfh wkh zdjh ghwhuplqhv *?+E` dqg *?+ E`c lw iroorzv wkdw yduldwlrq lq wkh zdjh ohdgv
wr  xfwxdwlrqv lq wkh fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv ri pdwxuh sodqwv1 Wkh dqdo|vlv ri FI
vxjjhvwv wkdw *?+E` zloo uhvsrqg e| ohvv wr d zdjh fkdqjh wkdq *?+E`/v rz hh { s h f ww k h
fuhdwlrq vfkhgxoh zloo eh ohvv yduldeoh wkdq wkh ghvwuxfwlrq vfkhgxoh1 Wkdw lv/ wkh hpsor|phqw
ghflvlrqv ri mre fuhdwlqj pdwxuh sodqwv duh h{shfwhg wr eh ohvv yrodwloh wkdq wkh hpsor|phqw
ghflvlrqv ri mre ghvwur|lqj pdwxuh sodqwv1 FI vkrz/ lq dq hfrqrp| frpsulvhg hqwluho| ri pd0
wxuh sodqwv/ krz wklv plfurhfrqrplf dv|pphwu| wudqvodwhv lqwr juhdwhu yduldelolw| ri djjuhjdwh
mre ghvwuxfwlrq frpsduhg wr djjuhjdwh mre fuhdwlrq1 Wkhuhiruh/ zh h{shfw wkdw djjuhjdwh mre
ghvwuxfwlrq dw pdwxuh sodqwv zloo eh pruh yduldeoh wkdq djjuhjdwh mre fuhdwlrq dw pdwxuh sodqwv
khuh1
Vlqfh wkh plfurhfrqrplf dv|pphwu| lv fuxfldo iru wkh g|qdplfv ri jurvv mre  rzv dw pdwxuh
sodqwv lw lv khosixo wr xqghuvwdqg krz lw dulvhv1 Wr wklv hqg/ frqvlghu wkh hhfwv ri d whpsrudu|
fkdqjh lq wkh zdjh1 Iru dq h{sdqglqj sodqw/ wkh wrwdo frvw ri wkh odvw mre fuhdwhg lv juhdwhu
wkdq wkh zdjh ehfdxvh ri wkh h{shfwhg dgmxvwphqw frvwv lqfxuuhg1 Wkhvh dgglwlrqdo frvwv/ zklfk
lqfoxgh wkh mre fuhdwlrq frvw dqg wkh h{shfwhg frvw ri ghvwur|lqj wkdw mre lq wkh ixwxuh/ orzhu wkh
hodvwlflw| ri wkh wrwdo frvw ri mre fuhdwlrq zlwk uhvshfw wr wkh zdjh ehorz xqlw|1 Iru d vkulqnlqj
sodqw/ wkh wrwdo frvw ri wkh odvw mre uhwdlqhg lv ohvv wkdq wkh zdjh ehfdxvh e| uhwdlqlqj wkh mre
wkh sodqw dyrlgv wkh frvw ri mre ghvwuxfwlrq dqg wkh h{shfwhg frvw ri uhfuhdwlqj wkdw vdph mre
lq wkh ixwxuh1 Wkh vxewudfwlrq ri dyrlghg dgmxvwphqw frvwv lqfuhdvhv wkh hodvwlflw| ri wkh wrwdo
frvw ri mre uhwhqwlrq zlwk uhvshfw wr wkh zdjh deryh xqlw|1 Vlqfh h{sdqglqj dqg frqwudfwlqj
sodqwv rshudwh rq wkh pdujlqv zklfk htxdwh wkh frvwv dqg ehqhwv ri dgglqj dqg uhwdlqlqj d mre/
uhvshfwlyho|/ wkh dv|pphwulf uhvsrqvhv ri wkh wrwdo frvwv ri mre fuhdwlrq dqg uhwhqwlrq wr zdjh
49fkdqjhv fdq lqgxfh frqwudfwlqj sodqwv wr uhvsrqg e| pruh wkdq h{sdqglqj sodqwv wr  xfwxdwlrqv
lq wkh zdjh14:
6161 Ohduqlqj Sodqwv
Hdfk shulrg/ wkh pdqdjhu ri d ohduqlqj sodqw kdv rqh ru wzr ghflvlrqv wr pdnh/ ghshqglqj rq
zkhwkhu wkh sodqw lv dq hqwudqw ru dq lqfxpehqw1 Li lw lv dq hqwudqw wkhq wkh rqo| fkrlfh wr
pdnh lv krz pdq| zrunhuv wr hpsor|1 Li lw lv dq lqfxpehqw wkhq wkh pdqdjhu pxvw dovr ghflgh
zkhwkhu ru qrw wr dgrsw wkh whfkqrorj| uhdol}hg iurp h{shulphqwlqj lq wkh suhylrxv shulrg1
Uhfdoo wkdw wklv dgrswlrq ghflvlrq lv pdgh ehiruh wkh pdqdjhu revhuyhv d qhz surgxfwlylw|
vljqdo dqg ghflghv krz pdq| zrunhuv wr hpsor| lq wkh shulrg1 Ehorz zh uvw ghvfuleh wkh
hpsor|phqw ghflvlrq ri dq hqwudqw dqg dq lqfxpehqw wkdw fkrrvhv wr frqwlqxh ohduqlqj1 Diwhu
wklv zh ghvfuleh wkh hpsor|phqw ghflvlrq ri d sodqw zklfk kdv pdgh wkh ghflvlrq wr dgrsw lwv
prvw uhfhqw h{shulphqw1 Ilqdoo|/ zh ghvfuleh wkh dgrswlrq ghflvlrq1
Li d sodqw lv dq hqwudqw ru dq lqfxpehqw wkdw fkrrvhv wr frqwlqxh ohduqlqj/ lwv fxuuhqw hp0
sor|phqw fkrlfh kdv qr g|qdplf frqvhtxhqfhv= rswlpdo hpsor|phqw pd{lpl}hv rqo| h{shfwhg
surwv iru wkh shulrg/ frqglwlrqdo xsrq wkh surgxfwlylw| vljqdo ri wkh fxuuhqw h{shulphqw/ 5r1
Ohw Z, E5rc` ghqrwh wkh h{shfwhg fxuuhqw surwv ri d ohduqlqj sodqw zklfk uhfhlyhv wkh sur0
gxfwlylw| vljqdo 5r zkhq wkh zdjh htxdov ` Wkh dvvrfldwhg hpsor|phqw srolf| lv fkdudfwhul}hg
e| d idploldu vwdwlf oderu ghpdqg vfkhgxoh1 Wkhuhiruh zh h{shfw wkh fuhdwlrq dqg ghvwuxfwlrq
ghflvlrqv ri hqwudqwv dqg lqfxpehqwv zklfk fkrrvh wr frqwlqxh ohduqlqj wr eh htxdoo| yduldeoh1
Pruhryhu/ vlqfh wkhuh lv qr uhjlrq ri lqdfwlrq lq wkh hpsor|phqw srolf| iru wkhvh sodqwv zh
h{shfw wkhlu jurvv mre  rzv jhqhudoo| wr eh odujhu rq dyhudjh dqg pruh yduldeoh wkdq wkrvh dw
pdwxuh sodqwv1
Qrz frqvlghu wkh hpsor|phqw ghflvlrq ri d sodqw zklfk kdv douhdg| ghflghg wr dgrsw lwv
prvw uhfhqw h{shulphqw1 Gxh wr wkh dgmxvwphqw frvwv idfhg e| d sodqw lq lwv pdwxuh skdvh/ wkh
pdqdjhu ri dq dgrswlqj sodqw pxvw frqvlghu wkh frqvhtxhqfhv ri lwv fxuuhqw hpsor|phqw fkrlfh
rq ixwxuh surwv1 Wkh surw pd{lpl}dwlrq sureohp iru d sodqw zklfk lv dgrswlqj lwv prvw uhfhqw
4:Wkh qrqglhuhqwldelolw| ri wkh dgmxvwphqw frvwv dw wkh srlqw ri }hur fkdqjh lpsolhg e| sursruwlrqdo dgmxvw0
phqw frvwv lv fuxfldo wr wklv uhvxow1 Zlwk vwulfwo| frqyh{ dqg hyhu|zkhuh glhuhqwldeoh dgmxvwphqw frvwv wkh mre
fuhdwlrq dqg uhwhqwlrq pdujlqv duh lghqwlfdo dqg vr pxvw ehkdyh lghqwlfdoo| lq uhvsrqvh djjuhjdwh vkrfnv1
4:h{shulphqw/ 5/ zkhq wkh zdjh lv ` lv
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zkhuh wkh udqgrp yduldeoh  lv ghqhg wr htxdo E5￿*5
￿*E￿3k￿ 'i  TE 0*E  k1F Id o v rg h p r q 0
vwudwh wkdw ,dE%*c` ￿m`o lv d vwulfwo| frqfdyh dqg glhuhqwldeoh ixqfwlrq ri %1 Lw iroorzv
wkdw +7, kdv d xqltxh vroxwlrq/ fkdudfwhul}hg e| lwv uvw rughu frqglwlrq1 Ghqrwh wklv rswlpdo
fkrlfh ri % zlwk +@ E`/ zkhuh wkh vxshuvfulsw c@* vwdqgv iru cdgrswlrq*1 Uhvfdolqj +@ E` dv
vshflhg e| +6, |lhogv +@ E`5￿*E￿3k￿ dv wkh rswlpdo hpsor|phqw iru d sodqw zklfk lv dgrswlqj d
whfkqrorj| zlwk surgxfwlylw| 51 Wklv srolf| uhvhpeohv wkh srolf| iru qrqdgrswlqj ohduqlqj sodqwv
lq wkdw wkhuh lv qr uhjlrq ri lqdfwlrq1 Qhyhuwkhohvv/ lq rxu vlpxodwlrq dqdo|vlv ghvfulehg ehorz
zh qg wkdw wkh frqjxudwlrq ri dgmxvwphqw frvwv dw pdwxuh sodqwv lv lpsruwdqw iru ghwhuplqlqj
wkh lpsdfw wkdw wklv srolf| kdv rq wkh g|qdplfv ri jurvv mre  rzv1 Ilqdoo|/ qrwh wkdw wkh suhvhqw
glvfrxqwhg ydoxh ri iroorzlqj wklv srolf| fdq eh zulwwhq dv 5￿*E￿3k￿@ E`1W k d w l v / w k h y d o x h
ixqfwlrq dvvrfldwhg zlwk +7, lv dq lqfuhdvlqj/ krprjhqhrxv ri ghjuhh *E  k ixqfwlrq ri 51
Zh qrz fkdudfwhul}h wkh rswlpdo dgrswlrq ghflvlrq1 Ohw , E5c` ghqrwh wkh ydoxh ri d
ohduqlqj sodqw dw wkh ehjlqqlqj ri d shulrg zlwk surgxfwlylw| iurp lwv prvw uhfhqw h{shulphqw
jlyhq e| 5 dqg fxuuhqw zdjh `1 Wkh Ehoopdq htxdwlrq dvvrfldwhg zlwk wkh rswlpdo dgrswlrq
4;ghflvlrq lv wkhq jlyhq e|
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Li ` lv frqvwdqw/ wkhq +8, lv irupdoo| lghqwlfdo wr wkh sureohp ri rswlpdo zdjh vhdufk zlwkrxw





lv wkh cxqhpsor|phqw ehqhw1* Vdujhqw*v dujxphqwv fdq eh dssolhg
gluhfwo| lq wkh frqvwdqw zdjh fdvh wr ghprqvwudwh wkdw wkh , E5c` zklfk vroyhv +8, lv xqltxh
dqg zhdno| lqfuhdvlqj lq 51 Wkhuhiruh/ dqdorjrxv wr wkh vhdufk sureohp/ d vlpsoh wkuhvkrog
uxoh fkdudfwhul}hv wkh rswlpdo dgrswlrq ghflvlrq= dgrsw dq| h{shulphqwv 5 zklfk h{fhhg wkh
wkuhvkrog1 Lq wkh fdvh zkhuh ` lv vwrfkdvwlf/ wkh rswlpdolw| ri d wlph ydu|lqj wkuhvkrog uxoh
fdq eh pruh hdvlo| ghprqvwudwhg e| xvlqj wkh frqwudfwlrq pdsslqj wkhruhp wr fkdudfwhul}h
, E5c`14; Dffruglqj wr wklv wkuhvkrog uxoh/ d sodqw zloo dgrsw d surgxfwlrq surfhvv li lwv
surgxfwlylw| iurp h{shulphqwdwlrq h{fhhgv d orzhu erxqg zklfk ghshqgv rq wkh fxuuhqw zdjh/
5 E`1 D nh| lpsolfdwlrq ri wkh rswlpdo dgrswlrq srolf| lv wkdw wkh roghu d sodqw lv/ wkh pruh
olnho| lw lv wr kdyh pdgh wkh wudqvlwlrq iurp wkh ohduqlqj skdvh wr wkh pdwxuh skdvh ri lwv
olih0f|foh1
71 Djjuhjdwh Ioxfwxdwlrqv
Gxh wr wkh irup ri wkh dgrswlrq ghflvlrq/ pdwxuh sodqwv zloo whqg wr eh roghu wkdq dyhudjh/ vr zh
h{shfw wkhlu ehkdylru wr kdyh d glvsursruwlrqdwh lq xhqfh rq wkh jurvv mre  rzv ri rog sodqwv1
Vlploduo|/ ohduqlqj sodqwv zloo whqg wr eh |rxqjhu wkdq dyhudjh/ dqg vr zh h{shfw wkhlu ehkdylru
zloo grplqdwh wkh jurvv mre  rzv ri |rxqj sodqwv1 Zlwk wklv lq plqg/ wkh lqwxlwlrq uhjduglqj
ohduqlqj dqg pdwxuh sodqwv* hpsor|phqw srolflhv ghvfulehg lq wkh suhylrxv vhfwlrq vwurqjo|
vxjjhvwv wkdw wkh prgho fdq uhsurgxfh pdq| ri wkh glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv*
jurvv mre  rz g|qdplfv1 Krzhyhu/ wkh prgho frqwdlqv vhyhudo srwhqwldoo| frqirxqglqj idfwruv
zklfk wkh lqwxlwlrq grhv qrw dgguhvv1 Fdedoohur*v +4<<5, revhuydwlrqv dohuw xv wr wkh srvvlelolw|
4;Wkh surri ri wklv dvvhuwlrq lv dydlodeoh iurp wkh dxwkruv xsrq uhtxhvw1
4<wkdw yduldwlrq lq wkh glvwulexwlrq ri sodqwv dfurvv wkh vwdwh vsdfh pljkw xqgr wkh plfurhfrqrplf
dv|pphwulhv ghvfulehg khuh1 Ixuwkhupruh/ v|vwhpdwlf yduldwlrq lq sodqwv* rswlpdo dgrswlrq
ghflvlrqv frxog kdyh d vljqlfdqw lpsdfw rq jurvv mre  rzv1 Wr ghprqvwudwh wkdw wkh glhuhqfhv
ehwzhhq ohduqlqj dqg pdwxuh sodqwv* hpsor|phqw srolflhv gulyh |rxqj dqg rog sodqwv* revhuyhg
glhuhqfhv/ zh suhvhqw lq wklv vhfwlrq hylghqfh iurp vlpxodwlqj vhyhudo sdudphwhul}hg yhuvlrqv
ri wkh prgho1
Rxu glvfxvvlrq lv irfxvhg durxqg d edvholqh fdoleudwlrq ri wkh prgho lq zklfk wkh zdjh lv
dvvxphg wr eh l1l1g1 ryhu wlph1 Wkh edvholqh prgho uhsurgxfhv wkh vdolhqw ihdwxuhv ri wkh jurvv
mre  rz revhuydwlrqv glvfxvvhg lq Vhfwlrq 51 Wkh udwh ri mre uhdoorfdwlrq lv odujhu dw |rxqj sodqwv
wkdw dw rog sodqwv/ mre ghvwuxfwlrq dqg mre fuhdwlrq duh htxdoo| yduldeoh dw |rxqj sodqwv zkloh
mre ghvwuxfwlrq lv pruh yduldeoh wkdq mre fuhdwlrq dw rog sodqwv/ wkh udwh ri mre jurzwk lv pruh
yduldeoh dw |rxqj sodqwv wkdq dw rog sodqwv/ dqg mre uhdoorfdwlrq lv df|folfdo dw |rxqj sodqwv exw
frxqwhuf|folfdo dw rog sodqwv1 Ehfdxvh wkh edvholqh prgho*v gulylqj surfhvv lv l1l1g1 ryhu wlph/
lwv  xfwxdwlrqv uh hfw f|fohv dw doo srvvleoh iuhtxhqflhv htxdoo|1 Wr ghwhuplqh krz kljk dqg orz
iuhtxhqf|  xfwxdwlrqv vhsdudwho| frqwulexwh wr wkh prgho*v surshuwlhv/ zh dovr frqvlghu vhyhudo
yhuvlrqv ri wkh prgho lq zklfk `| lv vshflhg wr iroorz d ghwhuplqlvwlf f|foh1 Zh dovr frqvlghu
krz wkh pdjqlwxgh ri dgmxvwphqw frvwv dw pdwxuh sodqwv lq xhqfhv hpsor|phqw g|qdplfv lq wkh
prgho1 Wkhvh wzr vhwv ri h{shulphqwv kljkoljkw krz wkh dgrswlrq ghflvlrq fdq kdyh d vljqlfdqw
lq xhqfh rq wkh g|qdplfv ri jurvv mre  rzv lq wkh prgho1
7141 Sdudphwhu Ydoxhv
Wr lpsohphqw rxu prgho zh qhhg wr vshfli| wkh iroorzlqj sdudphwhuv
Sodqw0ohyho sdudphwhuv G kcqcBc>6cj6c> rcj rc> RcjRcSc_
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D ghvluh iru rxu prgho wr plplf d uhsuhvhqwdwlyh pdqxidfwxulqj lqgxvwu| jxlghv rxu fkrlfh ri
sdudphwhu ydoxhv1 Wkh hodvwlflw| ri surgxfwlrq zlwk uhvshfw wr oderu lqsxw/ k/l vd s s u r { l p d w h o |
53htxdo wr wkh vkduh ri jurvv rxwsxw sdlg wr oderu dqg pdwhuldov14< Zh vhw k wr fHD1 W k l vl vd
w|slfdo ydoxh iru wkh wudqvsruwdwlrq htxlsphqw vhfwru/ zklfk lv wkh odujhvw wzr gljlw pdqxidf0
wxulqj lqgxvwu|153 Wkh glvfrxqw idfwru q lv vhw wr fD3￿*e vr wkdw wkh dqqxdo uhdo lqwhuhvw udwh
lv DI dqg d shulrg lq wkh prgho fruuhvsrqgv wr rqh txduwhu1 Ehfdxvh wkh hyhqw ri d sodqw*v
h{lw lv lqghshqghqw ri lwv fkdudfwhulvwlfv/ wkh prgho*v h{lw udwh/ B/ htxdov wkh iudfwlrq ri lqgxvwu|
hpsor|phqw dw sodqwv zklfk h{lw ehwzhhq shulrgv1 Wklv lv vhw wr htxdo lwv dyhudjh ydoxh lq wkh
GKV +4<<9, vdpsoh iru wkh pdqxidfwxulqj vhfwru/ fHI154
Zh dgrsw vhyhudo glhuhqw vshflfdwlrqv iru wkh wudqvlwlrq pdwul{ dqg vxssruw ri `|1L q
wkh edvholqh fdvh/ *?`| dssur{lpdwhv d Jdxvvldq l1l1g1 surfhvv zlwk d vwdqgdug ghyldwlrq ri
j‘1 Rxu fdoleudwlrq surfhgxuh fkrrvhv j‘ vr wkdw wkh vwdqgdug ghyldwlrq ri qhw hpsor|phqw
jurzwk lq wkh edvholqh prgho urxjko| pdwfkhv lwv hpslulfdo frxqwhusduw iurp wkh pdqxidfwxulqj
vhfwru +vhh Wdeoh 4,1 Iru wklv fdvh/ wkh vxssruw ri `| dqg lwv wudqvlwlrq pdwul{ duh fkrvhq xvlqj
Wdxfkhq*v +4<;7, phwkrg iru dssur{lpdwlqj dxwruhjuhvvlyh surfhvvhv zlwk Pdunry fkdlqv155 Lq
wkh ghwhuplqlvwlf fdvhv/ wkh vxssruw ri `| dqg wkh wudqvlwlrq pdwul{ duh fkrvhq vr wkdw *?`|
iroorzv f|fohv ri ydulrxv iuhtxhqflhv/ lq hdfk fdvh uhvwulfwhg vr wkdw wkh xqfrqglwlrqdo vwdqgdug
ghyldwlrq pdwfkhv j‘ iurp wkh edvholqh fdvh1 Lq doo h{dpsohv zh vwxg|/ wkh dyhudjh ydoxh ri `|
htxdov rqh1
Qrz frqvlghu wkh vl{ sdudphwhuv zklfk fkdudfwhul}h wkh ohduqlqj surfhvv dqg wkh hyroxwlrq
ri lglrv|qfudwlf surgxfwlylw|1 Wzr ri wkhvh sdudphwhuv duh uhgxqgdqw/ dqg zh xwlol}h irxu vxe0
vwdqwldo uhvwulfwlrqv wr lghqwli| wkh uhpdlqlqj rqhv1 Iluvw/ qrwh wkdw erwk >r dqg >R rqo| dhfw
wkh vfdoh ri lqglylgxdo sodqwv/ vr wkh| kdyh qr lpsdfw rq prgho vwdwlvwlfv zklfk duh vfdoh iuhh/
vxfk dv wkrvh frqvlghuhg lq Wdeoh 41 Zh vhw erwk ri wkhvh vr wkdw wkh dyhudjh hpsor|phqw ri d
ohduqlqj sodqw htxdov rqh1
Rxu uvw vxevwdqwldo uhvwulfwlrq lv wkdw wkh hpsor|phqw ri pdwxuh sodqwv grhv qrw whqg wr
lqfuhdvh ru ghfuhdvh1 Lq wkh orqj uxq/ wkh dyhudjh jurzwk udwh ri hpsor|phqw dw d pdwxuh
4<Wklv zloo qrw eh h{dfw ehfdxvh ri wkh dgmxvwphqw frvwv sdlg e| pdwxuh sodqwv1
53Vhh/ iru h{dpsoh/ wkh 4<:: Fhqvxv ri Pdqxidfwxuhv1
54Lq GKV*v qrwdwlrq/ wklv htxdov wkh dyhudjh ydoxh ri QHJG/ mre ghvwuxfwlrq dw h{lwlqj sodqwv/ ryhu wkhlu
vdpsoh shulrg1
55Wkh dssur{lpdwlrq xvhv vhyhq srvvleoh vwdwhv zklfk duh htxlvsdfhg ryhu wkuhh vwdqgdug ghyldwlrqv ri wkh
zdjh*v orjdulwkp1
54sodqw htxdov i TE>6*E  knj2
6*E2E  k21J l y h q d y d o x h i r u j2
6/z hf k r r v h>6 vr wkdw
wklv h{suhvvlrq htxdov rqh1 Kroglqj {hg doo rwkhu prgho sdudphwhuv/ wkh mre uhdoorfdwlrq udwhv
iru |rxqj dqg rog sodqwv lqfuhdvh lq wkh dprxqw ri lglrv|qfudwlf xqfhuwdlqw|1 Rxu vhfrqg dqg
wklug uhvwulfwlrqv h{sorlw wklv e| frqvwudlqlqj wkh dyhudjh uhdoorfdwlrq udwhv iru rog dqg |rxqj
sodqwv lq wkh edvholqh prgho wr htxdo wkhlu hpslulfdo dyhudjhv uhsruwhg lq Wdeoh 41 Qrwh wkdw
wkurxjkrxw wklv vhfwlrq zh ghqh wkh vhw ri |rxqj sodqwv wr eh doo wkrvh sodqwv ohvv wkdq 73
txduwhuv rog/ zklfk fruuhvsrqgv urxjko| wr wkh djh fxw0rv dssolfdeoh lq wkh frqvwuxfwlrq ri wkh
gdwd iru |rxqj sodqwv xqghuo|lqj Wdeoh 4156 Rxu qdo uhvwulfwlrq lv wkdw surgxfwlylw| lv pruh
fhuwdlq dprqj pdwxuh sodqwv wkdq dprqj ohduqlqj sodqwv1 Zh rshudwlrqdol}h wklv dvvxpswlrq
e| frqvwudlqlqj j2
, ' 2 j2
61 Wkdw lv/ wkuhh |hduv ri surgxfwlylw| lqqrydwlrqv kdyh wkh vdph
yduldqfh dv rqh h{shulphqwdo gudz1 Rxu pdlq qglqjv duh xqdhfwhg e| lqfuhdvlqj wkh udwlr ri
wkhvh yduldqfhv iurp 2 wr 2f1
Ilqdoo|/ zh qhhg wr vshfli| wkh dgmxvwphqw frvw sdudphwhuv/ S dqg _1 Lghdoo| zh zrxog olnh
wr wdnh wkhvh ydoxhv iurp d vwxg| ri plfur gdwd1 Xqiruwxqdwho|/ wklv rswlrq lv qrw dydlodeoh wr
xv1 Uhfdoo wkdw S dqg _ duh frvwv ri fkdqjlqj wkh qxpehu ri hpsor|hhv dw d sodqw1 Wkhvh qhw
dgmxvwphqw frvwv lqyroyh glvuxswlrqv wr surgxfwlrq dqg doo rwkhu frvwv wkdw duh qrw uhodwhg wr wkh
lghqwlw| ri wkh zrunhuv exw ghshqg vroho| rq fkdqjlqj wkh qxpehu ri hpsor|hhv1 Dv Kdphuphvk
dqg Sidqq +4<<9, hpskdvl}h lq wkhlu uhylhz ri zrun rq dgmxvwphqw frvwv lq idfwru ghpdqg/ qhw
dgmxvwphqw frvwv duh lqwulqvlfdoo| gl!fxow wr phdvxuh ehfdxvh xvxdoo| wkh| duh lpsolflw/ lq wkdw
wkh| uhvxow lq orvw rxwsxw/ dqg wkxv duh qrw phdvxuhg dqg uhsruwhg e| upv157
Zlwkrxw jrrg hvwlpdwhv ri wkhvh frvwv/ zh fkrrvh wkhp rq d sulrul jurxqgv1 Vlqfh zh duh
xqdzduh ri frpshoolqj hylghqfh wkdw rqh dgmxvwphqw frvw lv vljqlfdqwo| odujhu wkdq wkh rwkhu/
zh lpsrvh wkh uhvwulfwlrq S ' _1 Vlqfh zh fkrrvh wkh zdjh vr wkdw lwv dyhudjh htxdov xqlw|/
wkh dgmxvwphqw frvwv fdq eh lqwhusuhwhg dv iudfwlrqv ri wkh  rz frvw ri d mre1 Lw iroorzv wkdw wkh
56Iru erwk jurxsv dqg iru wkh jurxs frpsulvlqj doo sodqwv lq wkh lqgxvwu|/ zh phdvxuh jurvv mre  rzv dv wkh
srsxodwlrq frxqwhusduwv wr wkh phdvxuhv ghqhg e| GKV1 Lq sduwlfxodu/ wkh udwh ri mre fuhdwlrq lq d jlyhq shulrg
dqg iru d jlyhq jurxs ri sodqwv lv wkh vxp ri doo mrev fuhdwhg dw mre fuhdwlqj sodqwv lq wkh jurxs glylghg e| wkh
dyhudjh ri fxuuhqw dqg odjjhg wrwdo jurxs hpsor|phqw1 Vlploduo|/ mre ghvwuxfwlrq lv wkh vxp ri doo mrev ghvwur|hg
dw mre ghvwur|lqj sodqwv lq wkh jurxs glylghg e| wkh dyhudjh ri fxuuhqw dqg odjjhg wrwdo jurxs hpsor|phqw1
57Rxu vshflfdwlrq ri dgmxvwphqw frvwv lv frqvlvwhqw zlwk wkh ylhz wkdw qhw frvwv wr hpsor|phqw dgmxvwphqw
lqyroyh orvw rxwsxw1
55frpprq ydoxh ri wkh dgmxvwphqw frvwv pxowlsolhg e| wkh djjuhjdwh mre uhdoorfdwlrq udwh surylghv
dq xsshu erxqg iru wrwdo lqgxvwu| dgmxvwphqw frvwv lqfxuuhg dv d iudfwlrq ri wrwdo yduldeoh frvwv1
Zh vhw S ' _ ' *2 lq rxu edvholqh prgho1 Frpelqhg zlwk d vwhdg| vwdwh mre uhdoorfdwlrq udwh
ri derxw Ic wklv ydoxh lpsolhv wkdw dgmxvwphqw frvwv lqfxuuhg e| wkh lqgxvwu| duh qr pruh
wkdq DDI ri wrwdo yduldeoh frvwv1 Ehfdxvh rxu fkrlfhv ri S dqg _ duh vrphzkdw duelwudu|/ zh
gr uhsruw uhvxowv iurp vhyhudo h{shulphqwv zklfk xvh glhuhqw ydoxhv iru wkhvh frvwv1
Wdeoh 6 vxppdul}hv rxu sdudphwhu fkrlfhv1 Wkh rqo| vxusulvlqj uhvxow iurp rxu fdoleudwlrq
h{huflvh lv wkh vpdoo ydoxh ri jr/ wkh vwdqgdug ghyldwlrq ri wkh h{shulphqwdo surgxfwlylw| vljqdo1
Lq wkh devhqfh ri wklv vljqdo/ ohduqlqj sodqwv rqo| fkdqjh wkhlu hpsor|phqw lq uhvsrqvh wr
djjuhjdwh glvwxuedqfhv1 Wkh vpdoo fdoleudwhg ydoxh ri jr lqglfdwhv wkdw hpsor|phqw dw ohduqlqj
sodqwv uhvsrqgv vr pxfk wr djjuhjdwh vkrfnv wkdw olwwoh lglrv|qfudwlf xqfhuwdlqw| lv uhtxluhg iru
wkhp wr uhsurgxfh wkh dyhudjh mre fuhdwlrq dqg ghvwuxfwlrq udwhv iru |rxqj sodqwv1 Lqghhg/ li zh
vhw j‘ 'fdqg uhfdoleudwh/ wkh fdoleudwhg ydoxh ri jr wulsohv wr ff2 zkloh wkh rwkhu sdudphwhu
ydoxhv fkdqjh yhu| olwwoh1
7151 Wkh Edvholqh Prgho
Wdeoh 7 uhsruwv vwdwlvwlfv iurp vlpxodwlqj wkh edvholqh fdoleudwhg prgho158 Wkh uvw prphqwv
vkrz wkdw wkh prgho fdswxuhv wkh vdolhqw ihdwxuhv ri wkh hpslulfdo hylghqfh rq dyhudjh jurvv
mre  rzv1 E| frqvwuxfwlrq/ wkh fdoleudwhg prgho h{dfwo| pdwfkhv wkh dyhudjh mre uhdoorfdwlrq
udwhv iru |rxqj dqg rog sodqwv/ krzhyhu lw dovr qhduo| uhsurgxfhv wkh ryhudoo mre uhdoorfdwlrq
udwh1 Wkh prgho*v vwhdg| vwdwh ydoxh ri mre uhdoorfdwlrq htxdov fI/ zkloh wkh dyhudjh ri
wklv vwdwlvwlf lq wkh gdwd htxdov I159 Lq wkh gdwd/ |rxqj sodqwv* dyhudjh mre fuhdwlrq udwh
h{fhhgv wkhlu dyhudjh mre ghvwuxfwlrq udwh/ dqg wkh rssrvlwh lv wuxh iru rog sodqwv1 Wkh prgho*v
uvw prphqwv dovr glvsod| wklv sdwwhuq/ dowkrxjk |rxqj sodqwv* jurz wrr txlfno| dqg rog sodqwv
58Doo wkh prgho vwdwlvwlfv lq wklv sdshu duh edvhg rq vlpxodwlqj wkh prgho iru 4433 txduwhuv/ ehjlqqlqj iurp
wkh vwhdg| vwdwh1 Ehiruh fdofxodwlqj vdpsoh vwdwlvwlfv/ zh glvsrvhg ri wkh uvw 433 revhuydwlrqv1 Zh xvhg wkh
vdph vhhg iru doo h{shulphqwv lqyroylqj gudzv iurp d udqgrp qxpehu jhqhudwru1
59Wklv xqghusuhglfwlrq ri wkh lqgxvwu|0zlgh mre uhdoorfdwlrq udwh uh hfwv wkh xqghu uhsuhvhqwdwlrq ri |rxqj
sodqwv lq wkh prgho uhodwlyh wr wkh X1V1 pdqxidfwxulqj vhfwru1 Wkh dyhudjh vkduh ri hpsor|phqw dw |rxqj sodqwv
lv derxw 44( lq wkh prgho/ zkloh wkh dqdorjrxv vkduh phdvxuhg e| Gdylv/ Kdowlzdqjhu/ dqg Vfkxk lv derxw 54(1
Wkhuhiruh/ wkh edvholqh prgho pd| dovr xqghusuhglfw |rxqj sodqwv* lq xhqfh rq rwkhu ryhudoo vwdwlvwlfv1
56vkulqn wrr vorzo| uhodwlyh wr wkh hylghqfh uhsruwhg lq Wdeoh 41 Wkh uhdvrqv iru wkh srvlwlyh qhw
jurzwk udwh iru |rxqj sodqwv dqg qhjdwlyh qhw jurzwk udwh iru rog sodqwv duh wzrirog1 Iluvw/ h{lw
hhfwv doo sodqwv htxdoo|/ zkloh hqwu| frqwulexwhv wr hpsor|phqw dw |rxqj sodqwv rqo|1 Vhfrqg/
zkloh ohduqlqj sodqwv zklfk frqwlqxh wr h{shulphqw zlwk wkh surgxfwlrq surfhvv gr qrw jurz rq
dyhudjh/ wkh wudqvlwlrq iurp wkh ohduqlqj skdvh wr wkh pdwxuh skdvh w|slfdoo| lqyroyhv sodqwv
h{sdqglqj wkhlu hpsor|phqw1 Wklv hhfw frqwulexwhv wr srvlwlyh qhw jurzwk dw |rxqj sodqwv1
Wkh prgho lv dovr vxffhvvixo dw uhsurgxflqj pdq| ri wkh f|folfdo dv|pphwulhv ehwzhhq |rxqj
dqg rog sodqwv1 E| frqvwuxfwlrq/ wkh vwdqgdug ghyldwlrq ri ryhudoo hpsor|phqw jurzwk lq wkh
prgho lv derxw wkh vdph dv lq wkh gdwd/ derxw bI1 Dv lq wkh gdwd/ wkh vwdqgdug ghyldwlrq
ri hpsor|phqw jurzwk dprqj rog sodqwv lv d vpdoo dprxqw ehorz wklv jxuh1 Wkh dqdorjrxv
vwdwlvwlf iru |rxqj sodqwv lv frqvlghudeo| kljkhu1 Wkh udwlr ri wkh yduldqfh ri mre ghvwuxfwlrq wr
wkh yduldqfh ri mre fuhdwlrq lv S iru wkh lqgxvwu| dv d zkroh1 Wklv udwlr lv orzhu lq wkh prgho
wkdq lw lv iru wkh pdqxidfwxulqj vhfwru dv d zkroh +vhh Wdeoh 4,/ exw lw lv forvh wr wkh yduldqfh
udwlr iru vhyhudo wzr gljlw pdqxidfwxulqj lqgxvwulhv15: Wkh vwdwlvwlfv iru rog sodqwv uh hfw wklv
dv|pphwu|/ exw wkrvh iru |rxqj sodqwv gr qrw1 Wkh yduldqfh udwlr iru |rxqj sodqwv lv 2 dqg
wkh dqdorjrxv vwdwlvwlf iru rog sodqwv lv .b1 Ilqdoo|/ qrwlfh wkdw mre uhdoorfdwlrq iru |rxqj
sodqwv lv forvh wr ehlqj df|folfdo/ zkloh mre uhdoorfdwlrq lv vwurqjo| frxqwhuf|folfdo dw rog sodqwv1
Lq frqwudvw wr wkhvh vxffhvvhv/ wkh prgho frxqwhuidfwxdoo| suhglfwv d qhduo| shuihfw qhjdwlyh
fruuhodwlrq ehwzhhq mre fuhdwlrq dqg ghvwuxfwlrq iru erwk w|shv ri sodqw1 Lq wkh gdwd wklv
fruuhodwlrq lv hvvhqwldoo| }hur dprqj |rxqj sodqwv/ dqg dprqj rog sodqwv/ lw htxdov f1W k l v
ydoxh lv qrw dw|slfdo iru wkh fruuhodwlrq ehwzhhq ryhudoo mre fuhdwlrq dqg ghvwuxfwlrq lq wzr
gljlw pdqxidfwxulqj lqgxvwulhv15; Wkh h{fhvvlyho| vwurqj qhjdwlyh fruuhodwlrq ehwzhhq wkh wzr
jurvv mre  rzv lq wkh prgho uh hfwv wkh dvvxpswlrq wkdw d vlqjoh yduldeoh zklfk fkdqjhv wkh
lqgxvwu|*v oderu vxsso| fxuyh lv wkh vroh vrxufh ri djjuhjdwh  xfwxdwlrqv1 Lqfoxglqj rwkhu vrxufhv
ri djjuhjdwh xqfhuwdlqw| zklfk fdxvh mre fuhdwlrq dqg ghvwuxfwlrq wr frpryh srvlwlyho|/ vxfk dv
wkh lqyhvwphqw vshflf whfkqrorj| vkrfnv lq Fdpsehoo*v +4<<;, prgho ri hqwu| dqg h{lw/ zrxog
suredeo| dowhu wklv ihdwxuh ri wkh prgho1
5:Lq wkhlu Wdeoh 815/ GKV uhsruw yduldqfh udwlrv iru wkh Oxpehu lqgxvwu|/ wkh Vwrqh/ Fod| dqg Jodvv lqgxvwu|/
wkh Wudqvsruwdwlrq Htxlsphqw lqgxvwu|/ dqg wkh Lqvwuxphqwv lqgxvwu| ri 4187/ 4194/ 41:4 dqg 41;8/ uhvshfwlyho|1
5;Vhh Wdeoh 815 ri GKV1
57Ixuwkhu lqvljkw lqwr wkh vrxufhv ri wkh prgho*v ehkdylru fdq eh jdlqhg e| lqvshfwlqj wkh ohduq0
lqj dqg pdwxuh sodqwv* rswlpdo srolflhv1 Wkh vwdwlf oderu ghpdqg vfkhgxoh zklfk fkdudfwhul}hv
wkh rswlpdo hpsor|phqw fkrlfh ri ohduqlqj sodqwv lv orjolqhdu lq 5r zlwk vorsh *E  k dqg
lqwhufhsw htxdo wr *?+r E`'* ?E `*k*E  k15< Wkh fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv ri
pdwxuh sodqwv dqg wkh hpsor|phqw srolf| ri sodqwv mxvw hqwhulqj wkh pdwxuh skdvh duh dovr orj
olqhdu zlwk wkh vdph vorsh dv wkh vwdwlf oderu ghpdqg vfkhgxoh dqg lqwhufhswv jlyhq e| *?+E`/
*?+E`/d q g*?+@ E`/ uhvshfwlyho|1 Wkhvh irxu lqwhufhswv dorqj zlwk wkh rswlpdo whfkqrorj|
dgrswlrq wkuhvkrog/ 5 E`/ frpsohwho| fkdudfwhul}h sodqwv* rswlpdo srolflhv1 Wkh uvw froxpq
ri Wdeoh 8 uhsruwv vrph xvhixo vwdwlvwlfv vxppdul}lqj wkhlu ehkdylru lq wkh edvholqh prgho1 Wr
dlg zlwk wkhlu lqwhusuhwdwlrq/ lw dovr uhsruwv vwdwlvwlfv iru hd5,  5 E`o/ wkh suredelolw| ri dq
ohduqlqj sodqw dgrswlqj lwv odwhvw h{shulphqw1 Wkh uhpdlqlqj froxpqv ri Wdeoh 8 uhsruw wkh
dqdorjrxv vwdwlvwlfv iurp yduldwlrqv rq wkh edvholqh prgho zklfk zh glvfxvv ehorz1
Wkh phdqv ri wkh hpsor|phqw vfkhgxohv uhyhdo wkdw *?+r E` whqgv wr olh ehwzhhq *?+E`
dqg *?+E`/ vr lw lv lpsrvvleoh wr xqdpeljxrxvo| vljq wkh lpsdfw ri mre fuhdwlrq dqg ghvwuxfwlrq
frvwv rq dq lqglylgxdo sodqw*v hpsor|phqw1 Krzhyhu/ wkh idfw wkdw *?+@ E` lv jhqhudoo| ohvv
wkdq *?+r E` lqglfdwhv wkdw wkh survshfw ri ixwxuh dgmxvwphqw frvwv whqgv wr orzhu d sodqw*v
rswlpdo hpsor|phqw1 Ehfdxvh *?+@ E` dovr olhv ehwzhhq *?+ E` dqg *?+E`/s o d q w vz k l f k
mxvw dgrswhg d whfkqrorj| duh orfdwhg lq wkh uhjlrq ri lqdfwlrq dqg vr zloo frqwulexwh yhu| olwwoh
wr djjuhjdwh hpsor|phqw  xfwxdwlrqv1
Wkh yrodwlolw| vwdwlvwlfv kljkoljkw wkh ihdwxuhv ri wkh sodqw*v ghflvlrq sureohpv zklfk gulyh
wkh uhvxowv lq Wdeoh 71 Dv lq FI/ *?+E` lv ohvv yduldeoh wkdq *?+E`c zklfk lqglfdwhv wkdw
wkh mre fuhdwlrq vfkhgxoh uhvsrqgv ohvv wr djjuhjdwh vkrfnv wkdq wkh mre ghvwuxfwlrq vfkhgxoh1
Wklv srolf| dv|pphwu| lv wkh gluhfw fdxvh ri wkh yduldqfh dv|pphwu| ehwzhhq wkh mre fuhdwlrq
dqg ghvwuxfwlrq udwhv iru rog sodqwv1 Kljk yduldwlrq lq wkh vwdwlf oderu ghpdqg vfkhgxoh/ zklfk
ohduqlqj sodqwv xvh/ fdxvhv prvw ri wkh hpsor|phqw yduldwlrq dw |rxqj sodqwv1 Lqghhg/ wkh
vwdqgdug ghyldwlrq ri *?+r E` lv pruh wkdq grxeoh wkdw ri *?+E`1 Wkxv/ lw dsshduv wkdw hyhq
prghudwho| vl}hg dgmxvwphqw frvwv fdq juhdwo| ghfuhdvh wkh yduldqfh ri hpsor|phqw1 Lq frqwudvw/
fkdqjhv lq wkh srolflhv ri dgrswlqj sodqwv frqwulexwh yhu| olwwoh wr djjuhjdwh  xfwxdwlrqv1 Wkh
5<Wkh vxshuvfulsw cv*l q|v +Z, vwdqgv iru cvwdwlf*1
58hpsor|phqw srolf| ri dgrswlqj sodqwv lv ohvv yduldeoh wkdq wkh mre fuhdwlrq vfkhgxoh/ zkloh
wkh whfkqrorj| dgrswlrq wkuhvkrog eduho| pryhv dw doo1 Wkh ghflvlrq wr hqg d sodqw*v ohduqlqj
skdvh dqg eulqj lw lqwr pdwxulw| kdv lqkhuhqw orqj uxq frqvhtxhqfhv/ vr wkh lqyduldqfh ri wkh
whfkqrorj| dgrswlrq wkuhvkrog wr whpsrudu| idfwru sulfh fkdqjhv lv qrw vxusulvlqj11 Zkhq sodqwv
gr fkrrvh wr dgrsw d whfkqrorj|/ wkh hpsor|phqw ohyho wkh| fkrrvh whqgv wr olh ehwzhhq wkh mre
fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv iru pdwxuh sodqwv1 Wklv lpsolhv wkdw dgmxvwphqw rq hlwkhu
pdujlq lv qrw olnho| lq wkh vkruw wr phglxp uxq vr wkdw wudqvlwru| glvwxuedqfhv vkrxog kdyh
olwwoh zhljkw lq wklv ghflvlrq1 Lq frqwudvw/ h{sdqglqj dqg frqwudfwlqj pdwxuh sodqwv duh olnho| wr
eh dgmxvwlqj hpsor|phqw djdlq vrrq ehfdxvh wkh| duh douhdg| forvh wr rqh ri wkh dgmxvwphqw
vfkhgxohv1 Ehfdxvh wkh ghflvlrqv e| wkhvh sodqwv wr ghod| mre fuhdwlrq ru ghvwuxfwlrq fdq eh
yhu| hdvlo| uhyhuvhg lq wkh qhdu ixwxuh/ wkhlu rswlpdo hpsor|phqw ghflvlrqv duh pruh vhqvlwlyh
wr wudqvlwru| glvwxuedqfhv1
7161 Ghwhuplqlvwlf F|fohv
Ehfdxvh wkh edvholqh prgho*v djjuhjdwh gulylqj surfhvv lv l1l1g1 ryhu wlph/ lwv  xfwxdwlrqv uh hfw
f|fohv dw doo srvvleoh iuhtxhqflhv htxdoo|1 E| vlpxodwlqj yhuvlrqv ri wkh prgho lq zklfk `| iroorzv
d ghwhuplqlvwlf f|foh/ zh fdq ghwhuplqh krz kljk dqg orz iuhtxhqf|  xfwxdwlrqv vhsdudwho|
frqwulexwh wr wkh prgho*v surshuwlhv1 Wdeoh 9 uhsruwv vwdwlvwlfv iurp wkh prgho*v jurvv mre
 rzv iru wzr vxfk h{shulphqwv1 Wkh uvw wkuhh froxpqv uhsruw vwdwlvwlfv iru doo sodqwv/ |rxqj
sodqwv/ dqg rog sodqwv iurp vroylqj dqg vlpxodwlqj wkh prgho zkhq `| iroorzv dq hljkw txduwhu
ghwhuplqlvwlf f|foh1 Wkh vhfrqg wkuhh froxpqv uhsruw wkh dqdorjrxv vwdwlvwlfv zkhq `| iroorzv d
wzhqw| txduwhu f|foh163 Wkh vhfrqg dqg wklug froxpqv ri Wdeoh 8 frqwdlq wkh vwdwlvwlfv ghvfulelqj
wkh sodqwv* rswlpdo srolflhv1 Dowkrxjk zh kdyh vroyhg wkh prgho xvlqj pdq| rwkhu ghwhuplqlvwlf
f|fohv/ wkhvh wzr vlpxodwlrqv duh uhsuhvhqwdwlyh ri rxu qglqjv1
Wdeoh 9 lqglfdwhv wkdw wkh jurvv mre  rz dv|pphwulhv zklfk dgmxvwphqw frvwv lqgxfh duh
vwurqjhvw zkhq wkh gulylqj surfhvv kdv uhodwlyho| kljk iuhtxhqf|  xfwxdwlrqv1 Lq sduwlfxodu/ wkh
jurvv mre  rz vwdwlvwlfv iurp wkh prgho zlwk dq hljkw txduwhu f|foh duh eurdgo| vlplodu wr wkrvh
63Uhfdoo wkdw rxu fdoleudwlrq surfhgxuh fkrrvhv wkh xqfrqglwlrqdo yduldqfh ri oqZw lq wkhvh h{shulphqwv wr
htxdo lwv ydoxh lq wkh edvholqh prgho1
59iurp wkh edvholqh prgho dqg vr wkh| dffrug zhoo zlwk wkh gdwd1 Dv zh qrwhg lq Vhfwlrq 5/ wkh
kljk iuhtxhqf|  xfwxdwlrqv lq wkh gdwd zklfk duh qrw reylrxvo| dvvrfldwhg zlwk dq| sduwlfxodu
exvlqhvv f|foh hslvrgh uhyhdo prvw dfxwho| wkh glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv* jurvv
mre  rzv1 Wklv vhhpv frqvlvwhqw zlwk wkh hljkw txduwhu f|foh prgho/ vlqfh wkh iuhtxhqf| ri wkh
gulylqj surfhvv lq wklv prgho olhv vrphzkhuh ehwzhhq vhdvrqdo dqg exvlqhvv f|foh iuhtxhqflhv1
Wkh vwdwlvwlfv ghvfulelqj wkh rswlpdo srolflhv lq wklv fdvh duh dovr yhu| vlplodu zlwk wkrvh iurp wkh
edvholqh prgho1 Wkh dyhudjh ydoxhv ri wkh hpsor|phqw vfkhgxohv* lqwhufhswv dqg wkh whfkqrorj|
dgrswlrq wkuhvkrog duh lghqwlfdo lq wkh wzr sdudphwhul}dwlrqv1 Wkh mre fuhdwlrq dqg ghvwuxfwlrq
vfkhgxohv* lqwhufhswv kdyh vwdqgdug ghyldwlrqv zklfk duh voljkwo| kljkhu wkdq wkrvh iurp wkh
edvholqh prgho1 Lw lv xqvxusulvlqj wkdw wkhvh iruzdug orrnlqj hpsor|phqw ghflvlrqv duh pruh
uhvsrqvlyh wr `| lq wklv sdudphwhul}dwlrq ehfdxvh wkh surfhvv iru `| h{klelwv pruh shuvlvwhqfh1
Iru wkh vdph uhdvrqv/ wkh hpsor|phqw vfkhgxoh iru sodqwv wkdw duh hqwhulqj pdwxulw| lv dovr
pruh yduldeoh1 E| frqvwuxfwlrq/ wkh uvw dqg vhfrqg prphqwv ri wkh iulfwlrqohvv hpsor|phqw
vfkhgxoh duh lghqwlfdo dfurvv doo ri wkh prgho sdudphwhul}dwlrqv zh frqvlghu1
Iljxuh 6 surylghv dgglwlrqdo lqvljkw lqwr hvwdeolvkphqwv* rswlpdo srolflhv e| judsklqj *?`|
dqg wkh orj lqwhufhswv wr wkh irxu hpsor|phqw vfkhgxohv ryhu wkh f|foh1 Vr wkdw wkh| zloo doo w
rq wkh vdph vfdoh/ hdfk ri wkh sorwwhg vhulhv kdv kdg lwv dyhudjh ydoxh uhpryhg1 Qdwxudoo|/ wkh
hpsor|phqw vfkhgxohv doo frpryh qhjdwlyho| zlwk *?`|1 Wkh lqwhufhswv ri wkh iruzdug orrnlqj
hpsor|phqw srolflhv/ wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv dqg wkh hpsor|phqw vfkhgxoh
ri dgrswlqj sodqwv/ doo ohdg *?`| e| rqh txduwhu1 Wklv ohdg lv hfrqrplfdoo| lqwhuhvwlqj exw qrw
txdqwlwdwlyho| vljqlfdqw ehfdxvh wkh iruzdug orrnlqj hpsor|phqw srolflhv* lqwhufhswv fkdqjh
yhu| vorzo| qhdu wkhlu shdnv dqg wurxjkv1 Wr frqup wklv/ Iljxuh 7 sorwv qhw hpsor|phqw
jurzwk iru erwk |rxqj dqg rog sodqwv iru d 57 txduwhu shulrg iurp wkh vlpxodwlrq1 Lw lv fohdu
iurp wkh jxuh wkdw hpsor|phqw jurzwk dw |rxqj dqg rog sodqwv pryh wrjhwkhu1
Zkhq d wzhqw| txduwhu f|foh gulyhv wkh prgho*v  xfwxdwlrqv/ lwv ehkdylru frqwudvwv vkduso|
zlwk wkdw iru kljkhu iuhtxhqf| f|fohv1 Dv FI qrwhg/ wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv ri
sodqwv idflqj sursruwlrqdo dgmxvwphqw frvwv glvsod| olwwoh dv|pphwu| zkhq djjuhjdwh  xfwxdwlrqv
sulpdulo| uh hfw orz iuhtxhqf| pryhphqwv1 Wkh srolf| vwdwlvwlfv lq wkh wklug froxpq ri Wdeoh
8 frqup wkdw wklv hhfw rshudwhv khuh dv zhoo1 Wkh mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv duh
5:Iljxuh 6= Hpsor|phqw Srolf| Lqwhufhswv dqg wkh Zdjh lq wkh Prgho zlwk dq Hljkw Txduwhu
F|foh
5;Iljxuh 7= Hpsor|phqw Jurzwk dw \rxqj dqg Rog Sodqwv lq wkh Prgho zlwk dq Hljkw Txduwhu
F|foh
5<erwk pxfk pruh yrodwloh zkhq `| iroorzv d wzhqw| txduwhu f|foh wkdq zkhq lw iroorzv dq hljkw
txduwhu f|foh/ ehfdxvh `| lv pxfk pruh shuvlvwhqw1 Wkh mre ghvwuxfwlrq vfkhgxoh vwloo pryhv
pruh wkdq wkh mre fuhdwlrq vfkhgxoh/ exw wkh glhuhqfh ehwzhhq wkh wzr vwdqgdug ghyldwlrqv lv
vpdoo uhodwlyh wr wkhlu devroxwh pdjqlwxghv1 Wkhuhiruh/ rog sodqwv* jurvv mre  rzv glvsod| qr
dv|pphwu| lq wklv fdvh1 Lq frqwudvw wr wkh rog sodqwv/ mre fuhdwlrq dw |rxqj sodqwv  xfwxdwhv
vxevwdqwldoo| pruh wkdq mre ghvwuxfwlrq1 Wklv uh hfwv wkh  xfwxdwlrqv lq wkh hpsor|phqw ri
sodqwv zklfk duh dgrswlqj wkhlu prvw uhfhqw h{shulphqw +vhh Wdeoh 8,1 Wkhvh  xfwxdwlrqv duh
pruh surqrxqfhg zkhq orz iuhtxhqf|  xfwxdwlrqv fkdqjh `| ehfdxvh wklv ghflvlrq lv lqwulqvlfdoo|
iruzdug orrnlqj1 Sodqwv zklfk duh dgrswlqj d whfkqrorj| whqg wr eh |rxqj dqg jurzlqj/ vr wkhvh
 xfwxdwlrqv sulpdulo| hhfw |rxqj sodqwv* mre fuhdwlrq1
7171 Dgmxvwphqw Frvwv
Wkh h{lvwlqj hpslulfdo olwhudwxuh surylghv yhu| olwwoh jxlgdqfh uhjduglqj wkh ydoxhv ri S dqg _/
wkh shumre fuhdwlrq dqg ghvwuxfwlrq frvwv1 Wkhuhiruh/ lw lv ghvludeoh wr dvvhvv wkh vhqvlwlylw| ri
wkh prgho zlwk uhvshfw wr wkhvh fkrlfhv1 Zh gr vr zlwk wzr vhwv ri h{shulphqwv1 Lq wkh uvw
vhw/ zh ydu| erwk S dqg _ wrjhwkhu ehwzhhq f dqg D dqg uhvlpxodwh wkh prgho xvlqj wkh
edvholqh vshflfdwlrq iru wkh rwkhu sdudphwhuv1 Wkh uhvxowv ri wkhvh h{shulphqwv +qrw vkrzq,
duh hqwluho| frqvlvwhqw zlwk wkh lqwxlwlrq ghyhorshg deryh1 Wr frqvhuyh vsdfh/ zh irfxv rq zkdw
wkhvh h{shulphqwv uhyhdo derxw dv|pphwulhv lq jurvv mre  rzv1 Zkhq erwk dgmxvwphqw frvwv
htxdo }hur/ wkhuh lv olwwoh vxevwdqwldo glhuhqfh ehwzhhq |rxqj dqg rog sodqwv1 Wkh ryhudoo mre
fuhdwlrq dqg ghvwuxfwlrq udwhv kdyh htxdo yduldqfhv/ dv gr wkrvh iru rog sodqwv1 Mre fuhdwlrq dw
|rxqj sodqwv lv voljkwo| pruh yduldeoh wkdq mre ghvwuxfwlrq1 Li wkh dgmxvwphqw frvwv duh erwk vhw
deryh wkhlu edvholqh ydoxhv ri fD/ wkhq wkh udwlr ri mre ghvwuxfwlrq*v yduldqfh wr mre fuhdwlrq*v
lqfuhdvhv iru rog sodqwv dqg iru doo sodqwv1 \rxqj sodqwv* jurvv mre  rzv/ krzhyhu/ vwloo h{klelw
vxevwdqwldoo| pruh v|pphwu| wkdq wkrvh ri rog sodqwv1 Zkhq erwk S dqg _ htxdo D/w k h
udwlr ri mre ghvwuxfwlrq*v yduldqfh wr mre fuhdwlrq*v htxdov 2H iru rog sodqwv dqg e iru |rxqj
sodqwv1
Wkh vhfrqg vhw ri h{shulphqwv zhuh ghvljqhg wr h{dplqh wkh vhsdudwh frqwulexwlrqv ri mre
fuhdwlrq dqg ghvwuxfwlrq frvwv wr wkh prgho*v ehkdylru1 Khuh/ zh vlpxodwh wkh prgho wzlfh1 Hdfk
63wlph/ zh vhw rqh ri wkh dgmxvwphqw frvwv htxdo wr wkh h{wuhph ydoxh ri }hur zkloh pdlqwdlqlqj
wkh rwkhu dw lwv edvholqh ydoxh1 Wdeoh : uhsruwv wkh mre  rz vwdwlvwlfv iurp wkhvh wzr vlpxodwlrqv1
Wkh uvw wkuhh froxpqv uhsruw vwdwlvwlfv iru wkh S 'f c _ 'f D fdvh1 Holplqdwlqj mre fuhdwlrq
frvwv iurp wkh edvholqh prgho fdxvhv wkuhh pdlq fkdqjhv lq lwv ehkdylru1 Iluvw/ wkh jurvv mre
 rzv duh odujhu rq dyhudjh zlwk wkh orzhu dgmxvwphqw frvwv1 Vhfrqg/ erwk wkh jurvv dqg qhw
hpsor|phqw  rzv uhvsrqg pruh wr djjuhjdwh vkrfnv1 Ilqdoo|/ wkh udwlr ri mre ghvwuxfwlrq*v
yduldqfh wr mre fuhdwlrq*v idoov/ uhjdugohvv ri zkhwkhu rqh frqvlghuv doo sodqwv wrjhwkhu ru hlwkhu
djh jurxs1 Wkh idoo ri wkh yduldqfh udwlr iru rog sodqwv lv qrw vxusulvlqj/ ehfdxvh ghfuhdvhv lq wkh
pdjqlwxgh ri wkh dgmxvwphqw frvwv whqg wr ghfuhdvh wkh plfurhfrqrplf dv|pphwulhv lq pdwxuh
sodqwv* hpsor|phqw srolflhv1 Zkdw lv vxusulvlqj derxw wklv uhvxow lv wkdw wkh yduldqfh udwlr iru
|rxqj sodqwv idoov frqvlghudeo|/ iurp 2 wr f.21 Wkh odvw wkuhh froxpqv ri Wdeoh :/ zklfk
uhsruw vwdwlvwlfv iurp wkh fdvh zkhuh S 'f D dqg _ 'f / vkhg vrph oljkw rq wklv qglqj1 Wkh
prvw qrwlfhdeoh fkdqjh ehwzhhq wkhvh vwdwlvwlfv dqg wkrvh ri wkh suhylrxv fdvh lv lq wkh yduldqfh
udwlrv1 Wkh yduldqfh udwlrv iru erwk jurxsv ri sodqwv duh vljqlfdqwo| deryh rqh/ dqg wkdw iru
|rxqj sodqwv lv kljkhu wkdq wkdw iru rog sodqwv1
Wkh glhuhqfh ehwzhhq wkhvh wzr h{shulphqwv lv vxusulvlqj vlqfh FI qg wkdw wkh uhvxowv iurp
wkhlu prgho gr qrw ghshqg rq zkhwkhu dgmxvwphqw frvwv duh sduwlfxodu wr hlwkhu mre fuhdwlrq ru
ghvwuxfwlrq1 Lqghhg/ wkh irxuwk dqg iwk froxpqv ri Wdeoh 8/ zklfk uhsruw vwdwlvwlfv ghvfulelqj
sodqwv* rswlpdo srolflhv/ lqglfdwh wkdw pdwxuh sodqwv* mre fuhdwlrq dqg ghvwuxfwlrq vfkhgxohv
ehkdyh doprvw lghqwlfdoo| lq wkh wzr sdudphwhul}dwlrqv1 Wr h{sodlq wkh glhuhqfh lq wkhlu jurvv
mre  rz vwdwlvwlfv/ qrwh wkdw wkh sduwlfxodu frqjxudwlrq ri dgmxvwphqw frvwv kdv d vljqlfdqw
lpsdfw rq wkh ohyho ri hpsor|phqw fkrvhq e| sodqwv dgrswlqj wkhlu prvw uhfhqw h{shulphqw1
Uhfdoo wkdw vxfk sodqwv idfh qr dgmxvwphqw frvwv iru wklv lqlwldo fkrlfh ri vfdoh1 Ehfdxvh ri wklv
dvvxpswlrq/ wkh hpsor|phqw fkrlfh ri dq dgrswlqj sodqw frlqflghv h{dfwo| zlwk wkdw iurp dq
h{sdqglqj pdwxuh sodqw zlwk wkh vdph surgxfwlylw| ohyho zkhq S 'f 1 Wkhuhiruh/ |rxqj sodqwv
zklfk kdyh mxvw dgrswhg d whfkqrorj| duh exqfkhg qhdu wkh mre fuhdwlrq vfkhgxoh1 Dv Irrwh
+4<<:, h{sodlqhg/ vxfk exqfklqj lqfuhdvhv wkh yduldelolw| ri mre fuhdwlrq iru wkhvh sodqwv zkloh
ghfuhdvlqj lw iru mre ghvwuxfwlrq1 Wklv h{sodlqv wkh vl}hdeoh idoo lq wkh yduldqfh udwlr iru |rxqj
sodqwv zkhq S 'f 1 Wkh rssrvlwh kdsshqv zkhq _ 'fdqg S lv srvlwlyh1 Lq wklv fdvh/ wkh
64hpsor|phqw fkrlfh ri dq dgrswlqj sodqw frlqflghv h{dfwo| zlwk wkdw iurp d vkulqnlqj pdwxuh
sodqw zlwk wkh vdph surgxfwlylw| ohyho1 \rxqj sodqwv duh exqfkhg qhdu wkh ghvwuxfwlrq vfkhgxoh
lq wklv fdvh/ vr wkh yduldqfh ri mre ghvwuxfwlrq lqfuhdvhv dqg wkdw ri mre fuhdwlrq ghfuhdvhv1
Wkhvh odvw wzr h{shulphqwv uhyhdo wkdw wkh exqfklqj ri sodqwv lq wkh vwdwh vsdfh zklfk rffxuv
ryhu wkh sodqw olih0f|foh fdq lpsdfw djjuhjdwh vwdwlvwlfv dv vljqlfdqwo| dv wkh djjuhjdwh wuhqgv
zklfk Irrwh +4<<:, frqvlghuhg1 Ixuwkhupruh/ h{solflwo| dgglqj sodqw olihf|foh frqvlghudwlrqv
wr wkh vhqvlwlylw| dqdo|vlv ri Fdpsehoo dqg Ilvkhu +4<<;, ryhuwxuqv wkhlu qglqj wkdw wkh delolw|
ri dgmxvwphqw frvwv wr uhsurgxfh wkh mre fuhdwlrq dqg ghvwuxfwlrq hylghqfh grhv qrw ghshqg
rq zkhwkhu wkrvh frvwv duh lqfxuuhg zlwk mre fuhdwlrq ru zlwk mre ghvwuxfwlrq1 Zkloh wkhlu
frqfoxvlrq vwloo krogv li rqh rqo| frqvlghuv wkh djjuhjdwh hylghqfh/ wkh prgho zlwk rqo| mre
fuhdwlrq frvwv fdqqrw uhsurgxfh wkh djjuhjdwh g|qdplfv ri |rxqj sodqwv1
81 Frqfoxvlrqv
\rxqj sodqwv* idloxuh wr plplf wkh hpsor|phqw g|qdplfv ri wkhlu roghu frxqwhusduwv suhvhqwv d
gluhfw fkdoohqjh wr wkh erg| ri pdfurhfrqrplf wkhru| zklfk durvh wr h{sodlq djjuhjdwh jurvv mre
 rzv1 Rxu prgho ri rujdql}dwlrqdo glhuhqfhv ryhu wkh sodqw olih0f|foh dgguhvvhv wklv fkdoohqjh
iru rqh fodvv ri prghov/ wkrvh zklfk uho| rq rujdql}dwlrqdo iulfwlrqv wr prwlydwh sodqw ohyho hp0
sor|phqw dgmxvwphqw frvwv1 Lq rxu prgho/ wkh fkdqjlqj qdwxuh ri d sodqw*v hqylurqphqw dv lw djhv
xqghuolhv rujdql}dwlrqdo glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv/ dqg lw lv wkhvh rujdql}dwlrqdo
glhuhqfhv zklfk jlyh ulvh wr wkh revhuydeoh glhuhqfhv lq wkhlu hpsor|phqw g|qdplfv1 Ehfdxvh
|rxqj sodqwv pdlqwdlq  h{leoh rujdql}dwlrqv zklfk hqwdlo qr dgmxvwphqw frvwv/ wkh| uhvsrqg
pruh wr djjuhjdwh vkrfnv dqg rq glhuhqw pdujlqv wkdq gr rog sodqwv zklfk duh ohvv  h{leoh
dqg idfh frvwv ri mre fuhdwlrq dqg ghvwuxfwlrq1 Wkh plfurhfrqrplf dv|pphwulhv lghqwlhg e|
Fdpsehoo dqg Ilvkhu +4<<;, fdxvh jurvv mre  rzv dw rog sodqwv wr uhvsrqg dv|pphwulfdoo| wr
djjuhjdwh vkrfnv1 Zlwkrxw dgmxvwphqw frvwv/ hpsor|phqw dw |rxqj sodqwv uhvsrqgv rq erwk wkh
mre fuhdwlrq dqg ghvwuxfwlrq pdujlqv htxdoo|1 Wkhuhiruh/ wkh prgho uhsurgxfhv wkh qglqj wkdw
|rxqj sodqwv* mre fuhdwlrq dqg ghvwuxfwlrq udwhv duh urxjko| htxdoo| yduldeoh/ exw mre ghvwuxfwlrq
dw rog sodqwv ydulhv frqvlghudeo| pruh wkdq mre fuhdwlrq1 Dgmxvwphqw frvwv whqg wr uhgxfh mre
65 rzv dqg gdpshq sodqwv* uhvsrqvhv wr djjuhjdwh glvwxuedqfhv/ vr wkh prgho dovr uhsurgxfhv wkh
idfw wkdw wkh yroxph dqg yduldelolw| ri jurvv mre  rzv dw |rxqj sodqwv duh juhdwhu wkdq dw rog
sodqwv1 Wkh ihdwxuhv ri wkh prgho zh hpskdvl}h duh prvw surqrxqfhg lq wkh suhvhqfh ri kljk
iuhtxhqf| djjuhjdwh glvwxuedqfhv/ vr glhuhqfhv ehwzhhq |rxqj dqg rog sodqwv lq rxu prgho
prvw uhvhpeoh wkrvh lq wkh X1V1 gdwd lq wklv fdvh1
Rxu zrun kdv lpsolfdwlrqv iru pdfurhfrqrplfv eh|rqg wklv sdshu*v irfxv rq wkh jurvv mre
 rzv phdvxuhg e| GKV/ ehfdxvh lw uhsuhvhqwv wkh uvw duwlfxodwlrq ri dq hfrqrplf udwlrqdoh
iru glhuhqfhv lq krz jurxsv ri surgxfhuv uhvsrqg wr exvlqhvv f|foh vkrfnv zklfk grhv qrw uho|
rq lpshuihfwlrqv lq fuhglw pdunhwv1 Zh kdyh irfxvhg rq djjuhjdwh glhuhqfhv dprqj sodqwv wr
frqqhfw rxu zrun wr wkh h{lvwlqj hylghqfh rq jurvv mre  rzv1 Krzhyhu/ rxu sodqwv frxog eh hdvlo|
uhlqwhusuhwhg dv upv/ zklfk pd| eh d pruh dsshdolqj remhfw ri vwxg| zkhq frqvlghulqj rujd0
ql}dwlrqdo fkrlfh1 Xqghu wklv lqwhusuhwdwlrq/ rxu prgho lpsolhv wkdw |rxqj upv uhvsrqg pruh
wr exvlqhvv f|foh vkrfnv wkdq gr rog upv1 Ixuwkhu uhvhdufk lqwr wkh rujdql}dwlrqdo dssurdfk wr
dgmxvwphqw frvwv vkrxog uhyhdo dgglwlrqdo lpsolfdwlrqv zklfk zloo doorz xv wr ixuwkhu glhuhqwldwh
lw iurp h{lvwlqj fuhglw pdunhw wkhrulhv1 Iru h{dpsoh/ wkh frqqhfwlrq zh kdyh hpskdvl}hg eh0
wzhhq whfkqrorjlfdo ohduqlqj dqg sodqwv* rujdql}dwlrqdo fkrlfhv vxjjhvwv wkdw wkh sdfh dqg irup
ri djjuhjdwh whfkqrorjlfdo fkdqjh frxog lq xhqfh wkh glvwulexwlrq ri  h{lelolw| dprqj surgxfhuv
dqg wkhuhiruh wkh pdjqlwxgh dqg fkdudfwhu ri dq hfrqrp|*v uhvsrqvh wr exvlqhvv f|foh vkrfnv1
Dowkrxjk rxu prgho fdq uhsurgxfh wkh vdolhqw glhuhqfhv ehwzhhq hpsor|phqw g|qdplfv
dw |rxqj dqg rog sodqwv/ wkh ixuwkhu ghyhorsphqw ri dq rujdql}dwlrqdo wkhru| ri dgmxvwphqw
frvwv zloo uhtxluh d ulfkhu iudphzrun1 Rqh plfurhfrqrplf olplwdwlrq ri rxu prgho lv lwv gluhfw
frqqhfwlrq ri wkh dfwlylw| ri ohduqlqj wkurxjk h{shulphqwdwlrq zlwk  h{lelolw| lq vfdoh1 H{lvwlqj
prghov ri sodqwv* rujdql}dwlrqdo  h{lelolw| fkrlfhv/ vxfk dv Plojurp dqg Urehuwv +4<<3, dqg
Dwkh| dqg Vfkxpw}ohu +4<<8,/ hqgrjhql}h vlplodu frqqhfwlrqv e| ghprqvwudwlqj pxwxdo frp0
sohphqwdulw| ehwzhhq lqyhvwphqwv lq  h{lelolw| dorqj vhyhudo glphqvlrqv ri wkh up*v sureohp1
H{whqglqj wkhvh prghov wr surgxfwlrq sureohpv zlwk dq lqqlwh krul}rq dqg olih0f|foh frqvlg0
hudwlrqv lv wkhuhiruh dq lpsruwdqw vwhs lq ghyhorslqj d pruh frpsohwh pdfurhfrqrplf wkhru| ri
rujdql}dwlrqdoo| edvhg dgmxvwphqw frvwv1
Wzr pdfurhfrqrplf olplwdwlrqv ri rxu prgho duh wkh dvvxpswlrqv wkdw wkh uhohydqw oderu
66vxsso| fxuyh lv lqqlwho| hodvwlf dqg wkdw doo pdqdjhuv xvh d frqvwdqw uhdo lqwhuhvw udwh wr glvfrxqw
ixwxuh surwv1 Wkhvh zhuh xvhixo iru jdlqlqj lqwxlwlrq uhjduglqj sodqwv* rswlpdo hpsor|phqw
ghflvlrqv dqg wkhlu djjuhjdwlrq/ exw wkh| uxoh rxw dq| lpsruwdqw jhqhudo htxloleulxp ihhgedfn
wr surgxfhuv* ehkdylru iurp frqvxphuv* oderu vxsso|/ frqvxpswlrq dqg lqyhvwphqw ghflvlrqv1 Wr
surshuo| xqghuvwdqg krz lqyhvwphqwv lq rujdql}dwlrqdo vwuxfwxuh dqg wkh uhvxowlqj dgmxvwphqw
frvwv frqwulexwh wr exvlqhvv f|foh g|qdplfv/ wkh hpsor|phqw fkrlfh sureohp zlwk hqgrjhqrxv
rujdql}dwlrqdo fkdqjh vkrxog eh lqwhjudwhg lqwr d vwdqgdug exvlqhvv f|foh iudphzrun1
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P1F1 Ixvv dqg G1 PfIdgghq/ hgv1/ Surgxfwlrq Hfrqrplfv= D Gxdo Dssurdfk wr Wkhru| dqg
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+3149, +3153, +3148,
T Eghvwuxfwlrq￿
T Efuhdwlrqv￿ 51;< 31<< 7139
+31;:, +316:, +4145,
4Efuhdwlrqcghvwuxfwlrq 03166 0313: 03169
+3143, +3146, +313<,
4Efuhdwlrqcjurzwk 31:3 31:6 319;
+3138, +3139, +3138,
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 031<4 031:6 031<6
+3136, +313<, +3135,
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 03184 031335 03196
+3145, +314<, +313<,
Qrwhv= T E% ghqrwhv wkh yduldqfh ri yduldeoh %/ 7E% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh %
lq shufhqw/ 4E%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh % dqg yduldeoh +/d q g.E% wkh phdq
ri yduldeoh %1 Qxpehuv lq sduhqwkhvhv duh vwdqgdug ghyldwlrqv/ frpsxwhg xvlqj wkh surfhgxuh
ghvfulehg lq Fkulvwldqr dqg Hlfkhqedxp +4<<5,1 Iru hvwlpdwlrq ri wkh uhohydqw }hur0iuhtxhqf|
vshfwudo ghqvlw|/ d Eduwohww zlqgrz wuxqfdwhg dw odj wkuhh zdv xvhg1 Vhh wkh wh{w iru yduldeoh
ghqlwlrqv dqg wkh gdwd vrxufhv1




T Efuhdwlrq￿ T Ejurzwk ghvwuxfwlrq jurzwk
Whvw
Vwdwlvwlf 48914 4313 4414 4413 491<
R0ydoxh +3, +31335, +31334, +31334, +313334,
Qrwhv= T E% ghqrwhv wkh yduldqfh ri yduldeoh %/ 4E%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh
% dqg yduldeoh +/d q g.E% wkh phdq ri yduldeoh %1 Wdeoh hqwulhv qrw lq sduhqwkhvlv duh ydoxhv
ri wkh Zdog0w|sh whvw vwdwlvwlf iru wkh qxoo k|srwkhvlv wkdw wkh vwdwlvwlf lqglfdwhg lq wkh froxpq
khdglqj lv lghqwlfdo iru |rxqj dqg rog sodqwv1 Wkh whvw vwdwlvwlfv duh glvwulexwhg 2E Wkh
qxpehu lq sduhqwkhvlv lv wkh suredelolw| wkdw d fkl0vtxduh udqgrp yduldeoh zlwk rqh ghjuhh ri
iuhhgrp h{fhhgv wkh uhsruwhg ydoxh ri wkh dvvrfldwhg whvw vwdwlvwlf1














6<Wdeoh 7= Jurvv Mre Iorzv lq wkh Edvholqh Prgho
Vwdwlvwlf Doo Sodqwv \rxqj Rog
.Efuhdwlrq 8148 ;1;9 7195
.Eghvwuxfwlrq 8148 8147 8149
.Ejurzwk 3133 61:4 03186
.Euhdoorfdwlrq 43164 47133 <1:;
7Efuhdwlrq 31;7 418: 31:7
7Eghvwuxfwlrq 4139 419: 31<<
7Ejurzwk 41;; 6144 41:5
7Euhdoorfdwlrq 3165 31<4 315<
T Eghvwuxfwlrq￿
T Efuhdwlrqv￿ 4194 4145 41:<
4Efuhdwlrqcghvwuxfwlrq 031<: 031;7 031<<
4Efuhdwlrqcjurzwk 31<< 31<9 4133
4Eghvwuxfwlrqcjurzwk 031<< 031<9 04133
4Euhdoorfdwlrqcjurzwk 031:3 03144 031;9
Qrwhv= T E% ghqrwhv wkh yduldqfh ri yduldeoh %/ 7E% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh
% lq shufhqw/ 4E%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh % dqg yduldeoh +/d q g.E% wkh
phdq ri yduldeoh %1
73Wdeoh 8= Prgho Srolf| Vwdwlvwlfv
Edvholqh F|foh ri Qr Frvwv ri
Vwdwlvwlf Prgho ; Txduwhuv 53 Txduwhuv Fuhdwlrq Ghvwuxfwlrq
. E*?+r E` 0413; 0413; 0413; 0413; 0413;
. E*?+@ E` 0416< 0416< 0416< 041:6 031:6





05139 05139 05139 041:6 041:<
. E*? 7 +E` 0318: 0318: 0318: 03199 031:6
. Ehd5,  5 E`o 3135 3135 3135 3135 3135
7 E*?+r E` 471:6 4714: 4714: 471:6 471:6
7 E*?+@ E` 51:9 713< ;195 8135 :135





61:9 7163 ;15: 8134 71<<
7 E*? 7 +E` 9149 91:< 43163 :13; :135
7 Ehd5,  5 E`o 3134 3153 3155 3134 3135
Qrwhv= 7E% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh % lq shufhqw/ dqg .E% ghqrwhv wkh phdq
ri yduldeoh %1
74Wdeoh 9= Jurvv Mre Iorzv lq wkh Prgho zlwk Ghwhuplqlvwlf F|fohv
; Txduwhu F|foh 53 Txduwhu F|foh
Vwdwlvwlf Doo Sodqwv \rxqj Rog Doo Sodqwv \rxqj Rog
.Efuhdwlrq 8144 ;195 7194 8144 ;179 7196
.Eghvwuxfwlrq 8145 71<4 8148 8144 71:5 8149
.Ejurzwk 3133 61:4 03187 3133 61:6 03186
.Euhdoorfdwlrq 43156 46186 <1:8 43154 4614; <1:<
7Efuhdwlrq 31:7 4154 319; 31<; 4175 31<4
7Eghvwuxfwlrq 31<3 4158 31;8 31<7 4133 31<6
7Ejurzwk 4195 516< 4184 41;< 516< 41;5
7Euhdoorfdwlrq 3166 3194 3163 3164 318; 3163
T Eghvwuxfwlrq￿
T Efuhdwlrqv￿ 417: 413: 418; 31<7 3183 4138
4Efuhdwlrqcghvwuxfwlrq 031<7 031;; 031<8 031<8 031<7 031<8
4Efuhdwlrqcjurzwk 31<; 31<: 31<; 31<< 31<< 31<<
4Eghvwuxfwlrqcjurzwk 031<< 031<: 031<< 031<< 031<; 031<<
4Euhdoorfdwlrqcjurzwk 0317< 0313: 0318< 3143 31:5 0313;
Qrwhv= T E% ghqrwhv wkh yduldqfh ri yduldeoh %/ 7E% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh
% lq shufhqw/ 4E%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh % dqg yduldeoh +/d q g.E% wkh
phdq ri yduldeoh %1
75Wdeoh := Jurvv Mre Iorzv lq wkh Prgho zlwk Dv|pphwulf Dgmxvwphqw Frvwv
Qr Fuhdwlrq Frvwv Qr Ghvwuxfwlrq Frvwv
Vwdwlvwlf Doo Sodqwv \rxqj Rog Doo Sodqwv \rxqj Rog
.Efuhdwlrq 9154 <186 81:: 91:9 441:: 81<<
.Eghvwuxfwlrq 9154 8195 915< 91:9 ;154 9187
.Ejurzwk 3133 61<3 03185 3133 6189 03188
.Euhdoorfdwlrq 45176 48148 4513: 46185 4<1<; 45185
7Efuhdwlrq 4166 5147 4156 4164 41<8 4155
7Eghvwuxfwlrq 4178 41;5 4174 418< 5177 417:
7Ejurzwk 51:9 61;9 5195 51;; 7163 519:
7Euhdoorfdwlrq 3167 31<7 3165 3175 4133 3169
T Eghvwuxfwlrq￿
T Efuhdwlrqv￿ 414< 31:5 4166 4178 4189 4179
4Efuhdwlrqcghvwuxfwlrq 031<; 031<3 031<; 031<; 031<5 031<;
4Efuhdwlrqcjurzwk 31<< 31<; 31<< 31<< 31<; 31<<
4Eghvwuxfwlrqcjurzwk 031<< 031<: 04133 04133 031<; 04133
4Euhdoorfdwlrqcjurzwk 0316; 3167 0318; 03199 03183 031:3
Qrwhv= T E% ghqrwhv wkh yduldqfh ri yduldeoh %/ 7E% ghqrwhv wkh vwdqgdug ghyldwlrq ri yduldeoh
% lq shufhqw/ 4E%c+ ghqrwhv wkh fruuhodwlrq ehwzhhq yduldeoh % dqg yduldeoh +/d q g.E% wkh
phdq ri yduldeoh %1
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